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REQUEST FORM AND FORMALITIES PRELIMIMARY AMENDMENT FOR 
FILING A PATENT APPLICATION UNDER 37 C.F.R. 1.53(b) 
Submit an original and a duplicate for fee processing 



nS APPLICATION: 
NUMBER 




P^841US1 



FILING DATE 



PRIOR APPLICATION: 
EXAMINER ART UNIT 



HEREWITH 



H. Bakalyar 



1818 



Address to: 

Assistant Commissioner of Patents 
Box Patent Application 
Washington, D.C. 20231 

This is a request for filing a [ ] continuation or [ X ] divisional application under 37 C.F.R. 1 .53(b) of 
prior application Serial No. 08/491.888 filed on July 18. 1995 . entitled A METHOD AND A 
DEVICE FOR THE EVALUATION OF BIOPOLYMER FITNESS by the following inventor(s): Rudolf 
RIGLER. Manfred EIGEN. Ulo METS. Jerker WIDENGREN. Michael STUKE. Michael 
BRINKMEYER. Wolfgang SIMM, and Olaf LEHMANN . 



n Enclosed is a copy of the prior application, serial number 08/491,888, filed July 18, 1995, 
ij including the declaration as originally filed. 



H 1 . [ X ] A Preliminary Amendment Is enclosed. 

1_2. [X] Cancel claim(s)jL:84_ for purposes of lessening filing fees. 

Jj The filing fee is calculated on the basis of the claims existing in the prior application as amended by 1 
■~ and/or 2 above. 



CLAIMS 



Basic Fee 



Total Claims 



Ind. Claims 



$395 



34 - 20 = 



1-3 = 



[ ] Multiple Dependent 
Claims 



X 11 = $ 

x41 = $ 

+135= $ 
Total $ 



$790 
14 X 22= $308.00 
X 82= $ 

+ 270 = $ 



Total $1098.00 



3. [ X ] The Commissioner is hereby authorized to charge fees under 37 C.F.R. 1.16 and 1.17 

which may be required or credit any overpayment to Deposit Account No. 06-1 358. A 
duplicate copy of this sheet is enclosed. 



[ ] This application is filed under Rule 53(f) and therefore the [ ] Filing Fee [ ] 
Declaration is not enclosed. 

[ X ] A check in the amount of $ 1098.00 is enclosed. 

[ X ] Amend the specification by inserting before the first line the sentence: 

This is a division of application Serial No. 08/491.888 . filed July 18. 1995 
[ ] which in turn is 

[ ] A verified statement claiming small entity status under 37 CFR 1 .9 and 1 .27: 

a) [ ] was claimed by way of a declaration filed in prior application Serial No. 

b) [ ] is claimed by way of the attached declaration. 

[ X ] Priority of application Serial Nos. German P4301 005.9: PCT/EP93/Q1291: and German 
P4342703.0 , filed on January 18. 1993: Mav 22. 1993: and December 15 199.'^ 
respectively . is claimed under 35 U.S.C. 119. 

a) [ X ] Certified copy is on file in prior application, PCT/EP/01291. filed Mav 22.1 993 

b) [ ] Certified copy filed herewith. 

[ ] The prior application is assigned of record to 

[ X ] The Power of Attorney in the prior application is to at least one of the following: 

William E. Player, 31,409; John Clarke Holman, 22,769; Harvey B. Jacobson, 
Jr., 20,851; D. Douglas Price, 24,514; Marvin R. Stern, 20,640; Michael R. 
Slobasky, 26,421; Jonathan L. Scherer, 29,851; and Inwin M. Aisenberg, 19,007. 

a) [ X ] The power appears in the original papers of the prior application. 

b) [ ] Since the power does not appear in the original papers, a copy of the power in the prior 

application is enclosed. 

[ ] Petition to extend the life of the above prior application to at least the date hereof 

(One box) [ ] is being concurrently filed in 
NOTE: (must be) that prior application. 

(X'd) [ ] was previously filed in that application. 

[ X ] is not necessary. 
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If a Petition for Extension of Time is necessary and the Petition and/or the check is not enclosed, this 
will act as the Petition and applicant herewith petitions the Commissioner to extend the time for ' 
response and charge any fees necessary under 37 CFR 1.17 (a)(1)-(5) to Deposit Account No 06- 
1358. 

12. [ ] New formal drawings are enclosed. 

13. [ X ] Enclosed is a copy of the Information Disclosure Statement (IDS) and PTO 1449 which 

was filed in Serial No. 08/491.888 . filed July 18. 1995 . which is relied on for an earlier 
filing date under 35 U.S.C. 120. 

a) [ ] More than one IDS was filed in the above Serial No. and copies of each IDS, less the 
documents, are enclosed. 

14. [ ] Enclosed is a copy of the PTO 892 which issued in Serial No. , filed 



which is relied on for an earlier filing date under 35 U.S.C. 120. 



a) [ ] More than one PTO 892 issued in the above Serial No. and copies 

of each PTO 892, less the documents, are enclosed. 

15. [ ] Also enclosed is: 



: Address all future correspondence to: 



JACOBSON, PRICE, HOLMAN & STERN, PLLC 

The Jenifer Building 
400 Seventh Street, NW 
Washington, D.C. 20004-2201 
Telephone 202/638-6666 
Customer No. 000136 



Respectfully submitted. 



By 





William E. Player " ( \ 

Reg. No. 31,409 
JACOBSON, PRICE, HOLMAN & STERN, PLLC 
400 Seventh Street, NW 
Washington, D.C. 20004 
(202) 638-6666 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of: [Division of S.N. 08/491,888 

filed July 18, 1995] 

Rudolf RIGLER, et al. 

Serial No.: (UNASSIGNED) Group Art Unit: [1818] 

Filed: HEREWITH Examiner: [H. Bakalyar] 

Title: A METHOD AND A DEVICE FOR THE EVALUATION OF BIOPOLYMER 
FITNESS 

PRELIIVIINARY AlVIENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Prior to calculating the fee and conducting examination, please amend the 
above-identified application as follows. 

IN THE CLAIMS : 

Cancel, without prejudice to the subject matter involved, claims 1-84. 

Please add tlie following new claims: 

~85. A device for the detection of one or more molecules, molecular 
complexes and/or molecular fragments, in particular in a dilution of < 1 /um, in small 



measuring volumes of preferably < 10 1 by means of fluorescence spectroscopy 
which device comprises 

a laser beam generation device for the generation of a laser beam with 

a first wavelength, 

a focusing device for the focusation of said laser beam onto the 
measuring volume wherein the laser beam is such highly focused 
within the measuring volume that in essence it exclusively covers the 
measuring volume, 

a detector device for detecting fluorescence radiation generated due to 
the laser light excitation of one or more molecules, molecular 
complexes and/or molecular fragments, and 

a pinhole aperture arranged in the object plane within the beam path of 
the fluorescence radiation confocally with respect to the measuring 
volume to limit the quantity of fluorescence radiation to be detected by 
the detector device wherein said pinhole aperture has a diameter of 
especially < 100 ^^m and preferably of < 20 to 30 A^m. 
86. The device according to claim 85, characterized in that with an image 
scale of 1 : 100, 1 : 60, or 1 : 40 between the measuring volume and the object plane 
and with a measuring volume having dimensions of < 0.1 //m in each 
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direction, said pinhole aperture has a diameter of about 10 jj.m, 6 /um, or 4 jum, 
respectively. 

87. The device according to claim 85, characterized in that the optics for 
the laser beam and/or the optics for the fluorescence radiation has a high numerical 
aperture of preferably > 1.2 N.A. 

88. The device according to claim 85, characterized in that the measuring 
volume is distanced from the focusing device by up to 1,000 /um. 

89. The device according to claim 85, characterized in that the focusing 
device has a prefocusing device to prefocus the laser beam and a focusing objective 
lens to focus the prefocused laser beam onto the measuring volume. 

90. The device according to claim 88, characterized in that the distance 
between the focusing objective lens and the measuring volume is up to 1,000 ^^m. 

91. The device according to claim 89, characterized in that between the 
prefocusing device and the focusing objective lens a semitransparent mirror is 
arranged to deflect the prefocused laser beam onto the focusing objective lens. 

92. The device according to claim 91, characterized in that the pinhole 
aperture is arranged at the side of the semitransparent mirror facing away from the 
focusing objective lens. 



93. The device according to claim 85, characterized in that the detector 



device has at least one and preferably more detectors for detecting the fluorescence 



radiation. 



94. The device according to claim 85, characterized in that between the 



pinhole aperture and the detector device, there is arranged at least one optical filter 



and/or at least one imaging lens and/or at least one semitransparent mirror and/or at 



least one reflecting mirror. 



95. The device according to claim 85, characterized by an additional laser 
beam generation device for the generation of an additional laser beam with a 
il wavelength different from the first wavelength, an additional focusing device for 
H focusing said additional laser beam onto the measuring volume in such high an 



extent that the additional laser beam in essence exclusively covers the measuring 



12 volume, an additional detector device for the detection of fluorescence radiation 
5 generated due excitation of one or more molecules, molecular complexes and/or 

molecular fragments, and a correlator unit which is connected with the two detector 



devices. 



96. The device according to claim 95, characterized by 



a T-shaped support with a first supporting arm (65) and a second 



supporting arm (74) connected therewith and running perpendicular to 



the first supporting arm (65), 
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holding devices (83, 84) arranged at tlie ends at the faces of the second 
supporting arm (74) for axial guiding and holding of optical elements 
(lens, filter, mirror, detector) for the two laser beams and the two 
fluorescence radiations wherein the focused laser beams impinge on a 
glass slide bearing the measuring volume and being separably 
arranged preferably halfway between the two ends at the faces of the 
second supporting arm (74) and held by them, 

wherein the two holding devices (83, 84) can be moved synchronously 
^ relative to their respective ends at the faces of the second supporting 

ll arm (74) in the direction of the longitudinal extension thereof, the two 

H holding devices (83, 84) are extended in the direction of extension of 

the first supporting arm (65), and the two laser beams can be deflected 
5^ by deflecting mirrors and/or semitransparent mirrors (66, 67, 72, 73) 

through optical openings (69) out of the inside of the first supporting 
arm (65) onto the optical elements for the laser beams held at the 
holding devices (83, 84). 
97. The device according to claim 96, characterized in that the optical 
elements for the laser beams are arranged at the inner sides, facing each other, of 
the two holding devices (83, 84) and the optical elements for the fluorescence 
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radiation are arranged at the outer sides, facing away from each other, of the two 
holding devices (83, 84). 

98. The device according to claim 96, characterized in that the one of the 
focusing objective lenses can be positioned by an adjusting element which is in 
particular piezoelectrically driven for compensation of an offset of the focuses of 
said focusing objective lenses. 

99. The device according to claim 85, with microscope optics known per se 
for laser focusing for the excitation of fluorescence in a small measuring 

S compartment of a very dilute solution and for confocal imaging of the emitted 
fluorescence light for subsequent measurement wherein at least one system of 
optics with high numerical aperture of preferably > 1.2 N.A. is employed, the light 
quantity is limited by a confocally arranged pinhole aperture in the object plane 
behind the microscope objective, and/or the measuring compartment is positioned 
preferably at a distance of up to 100 ^^m from the observation objective. 

100. The device according to claim 99, for the generation of diffraction 
limiting focusing of a laser beam with a unit generating the measuring signal and an 
observation unit wherein at the side of generation of the measuring signal an 
appliance (20) for prefocusing a laser beam (21), a dichroitic mirror (30) for 
deflecting said laser beam (21), and an additional lens (40) for focusing the laser 
beam onto the measuring volume are provided and wherein the observation unit 
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has photon counting appliances (52), a correlation appliance (71), and a 
multichannel scaler appliance (72), and the measuring signal is optionally processed 
and/or evaluated in a computer assisted way. 

101. The device according to claim 100, wherein the appliances (20) for 
prefocusing are provided with a lens (22) and an array (23) corresponding to 
microscope optics wherein a collineated laser beam (21) is focused on the image 
plane by a lens L and on the image plane 63 (first image) by said array (23). 

102. The device according to claim 101, wherein said array (23) is provided 
with an exchangeable arrangement of lenses for the variation of the diameter of the 
prefocused laser beam (21). 

103. The device according to claim 100, wherein a detection unit is 
constituted by two detectors (53, 54) with a beam splitter (60) partitioning the light 
(55) emitted from the sample to the detectors (53, 54). 

104. The device according to claim 103, wherein the emitted light beam (55) 
passes imaging lenses (56, 57) and filter elements (58, 59) prior to each of the 
detectors (53, 54). 

105. The device according to claim 100, wherein the detectors (53, 54) detect 
light of different wavelengths. 

106. The device according to claim 100, wherein one or more detector 
elements are placed in the image plane optionally in the form of a detector array. 
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107. The device according to claim 100, wherein a pinhole aperture (50) is 
arranged in the beam path (55). 

108. The device according to claim 99, characterized in that two objectives 
are used which form an angle of > 90° between them. 

109. The device according to claim 99, characterized in that continuous lasers 
having emitted wavelengths of > 200 nm are used as the light source, in particular 
argon, krypton, helium-neon, helium-cadmium lasers or lasers pulsed with high 
frequency of > 20 MHZ with a power of > 0.5 mW. 

S 110. The device according to claim 99, characterized in that appliances for 

|I single photon counting such as avalanche diode detectors are arranged in the beam 
1^ path of the emitted light, preferably in the plane of the pinhole aperture, for 
L,^ detecting the emitted light wherein signal analysis is performed by a digital 
12 correlator or multichannel counter. 

S 111. The device according to claim 99, characterized in that the measuring 

compartment is fixed in a sample volume between two capillaries, said capillaries 
being provided with a chemically inert conductive coating at the outer side, in 
particular metal vapor deposited coating, especially gold vapor deposited coating on 
a chromium priming, wherein the conductive coatings are connected with a 
computer controlled rectified field or an alternating electric field and are 
conductively connected with each other through the measuring compartment. 
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112. The device according to claim 99, characterized in that two microscope 
optics facing each other enclose the measuring compartment 

113- The device according to claim 99, characterized in that an 
electrophoretic additional device is provided having at least one electrophoresis cell 
having at least one opening for charging/discharging of the sample to be analyzed 
and/or a washing solution, a wall electrode, a ring electrode, a Neher capillary, an 
electrode at the tip of the capillary and a droplet outlet. 

114. The device according to claim 113, characterized by an electric trap 
having a quadrupole element with at least four electrodes, preferably pin electrodes 
or vapor-deposited electrodes in a wafer configuration wherein preferably a hole of 
< 1 mm is lined, preferably in combination with at least two additional electrodes in 
at least a sextupole arrangement wherein the quadrupole element is preferably 
provided with alternating voltage and a direct voltage is applied to the sextupole 
electrodes such that the polarity thereof is opposed to the charge of the molecules 
to be analyzed. 

115. The device according to claim 113, characterized in that the sheet for 
receiving the samples has specific binding properties for molecules due to 
molecular derivatization, in particular in the form of ion-exchange ligands or affinity 
ligands, especially oligopeptides, polypeptides, proteins, antibodies or chelating 
agents, especially iminodiacetic acid or nitrilotriacetic acid ligands, particularly 
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sheets having different nnolecular structures of different binding specificity as 
ligands in specific positions. 

116. The device according to clainn 113, characterized in that the sannple 
volume is fixed on a sample receiving device which is two- or three-dimensionally 
controllable wherein the sample preferably can be fixed in defined space 
coordinates with respect to the measuring optics by using two- or three-dimensional 
piezo drives. 

117. The device according to claim 113, characterized in that said device is 
S equipped with an appliance which deflects the laser beam in defined coordinates 
kl and/or can definitely determine the position of focusing. 

118. The device according to claim 85, using a multiarray detector having 
optics for illuminating an excitation volume comprising all or several measuring 



JJ volumes or having an optical system for the parallel illumination of several excitation 
Jj volumes. " 



REMARKS 

The claims presented for examination are 85-1 18; which correspond to 
original claims 71-84, 47-65, and 70, respectively. These original claims were 
withdrawn from prosecution in parent application number 08/491,888 pursuant to a 
restriction. 

i 
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Favorable action commensurate with the foregoing is requested. 

Respectfully submitted, 

JACOBSON, PRICE, HOLMAN & STERN, PLLC 



By: 

William E. Player 
Reg. No. 31,409 

WEP/cob 

The Jenifer Building 
400 Seventh Street, NW 
Washington, D.C. 20004-2201 
Telephone: (202) 638-6666 
Atty. Docket: P58841US1 
Date: February 10, 1998 
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A Method and a Device for the Evaluarion of Biopolviner Fitness 

The object of the present invention is a method for identifying 
one or a small number of molecules, especially in a dilution of 
£ 1 ^M, using laser excited fluorescence correlation spectrosco- 
py, the use of said method in particular applications, as well 
as a device for performing the method according to the inven- 
tion . 

In recent years, analysis of biologically active molecules has 
been constantly improved in terms of specificity and sensitivity 
and supplemented by basically novel techniques. In this context, 
we may refer to cloning methods or the methods of enzyme -based 
amplification of genetic material no amplify single cells or 
molecules to such a number that they become apt to conventional 
analysis. In many cases, however, it would be more advantageous 
if analytic methods were sufficiently sensitive to qualitatively 
and quantitatively apply directly to single molecules or ensem- 
bles of a few molecules. 

Electron microscopy, for instance, is a technique that can 
detect single molecules. Thus, attempts are made to sequence 
single DNA molecules by means of tunnel electron microscopy. 
This is very laborious, however. 

Beyond the mere analysis of single molecules, information about 
state parameters of the molecules, such as their conformations 
and interactions with other molecules or molecular structures, 
are important in many fields. 

Modern methods of evolutive biological engineering are concerned 
with highly complex collectives of molecules. Their object is to 



- 2 - 

identify molecules having specific properties of interaction 
with target strucrures, that is to measure a particular fitness 
with respect to a desired function. Such fitness can be reduced 
to thermodynamic parameters such as binding constants or rate 
constants . 

Sometimes it is less critical for the solution of particular 
problems to increase the sensitivity of an assay method, for 
instance when the molecule to be analyzed is present only in 
small concentrations. Rather, a very large number of samples 
which have to be analyzed more or less simultaneously must be 
coped with. If for instance 10^ analyses have to be performed 
within a period of hours, it is obvious that only an analytic 
method can be considered where the samples can be measured and 
evaluated within a period of about 1 ms to 1 s as a maximum. The 
problem underlying the invention is, inter alia, to provide a 
method which, beyond the mere detection of single molecules, 
allows for informations about their specific interactions with 
other molecules or molecular structures to be obtained. More- 
over, a very large number of samples is to be analyzed virtually 
simultaneously . 

The method according to the invention is based on a luminescence 
detection and makes use of a technique which is known per se 
under the name of fluorescence correlation spectroscopy (FCS) , 
Chromophorous molecular structures having fluorescence proper- 
ties can be used to obtain information about the molecular 
environment of a chromophorous ligand. Rotational diffusion and 
translational diffusion of a luminophore may be measured as well 
as different paths of energy transfer to interacting molecules, 
chemical kinetics and the lifetime of excited states. 

Based on physicochemical phenomena known per se, the method 
according to the invention provides novel solutions, making use 
of spectroscopic measuring parameters, for obtaining information 
from single molecules or a small number of molecules about the 
nature of said molecules as well as information about their 



r 



t 



- 3 - 



fitness with respect to a particular interactional function or 
about the populations of different states of a luminophore which 
are defined with respect to one molecule. 

To date, the method of fluorescence correlation spectroscopy as 
pursued by the groups of D. Magde (Elson, E.L. & Magde, D. 
(1974) Fluorescence correlation spectroscopy; Conceptional basis 
and theory; Biopolyraers 13, 1-27) and R. Rigler (Ehrenberg, M. 
& Rigler, R. (1974) Rotational Brownian motion and fluorescence 
intensity fluctuations; Chem. Phys. 4, 390-401) for nearly 
twenty years could not be technically incorporated into a prac- 
ticable analytical method without difficulty. It has not been 
possible to meet the above mentioned requirements with respect 
of measuring times and the light induced bleaching (photobleach- 
ing) of the dyes. Rigler et al. were able to determine rotation- 
al times of molecules. Magde et al. were able to determine some 
chemical reaction constants through fluctuation times. 

The principle of measurement of FCS is to measure f luorophorous 
molecules in extremely diluted solutions (s 10 nM) by exposing 
a relatively small volume element of the solution to the intense 
exciting light of a laser. Only the molecules having a corre- 
sponding exciting spectrum which are present in this same volume 
are excited by the light. Then, an image of the emitted fluores- 
cence from this volume element can be formed on a photomulti- 
plier with high sensitivity. If the solutions are diluted, sig- 
nificant variations of the concentration of the molecules pres- 
ent in the respective volume element will arise. 

In particular, very diluted solutions will exhibit a Poisson 
distribution of the number of molecules which are simultaneously 
present within the volume element in a certain period of time. 
A molecule which has once diffused into the volume element will 
leave the volume element again within an average yet character- 
istic, for this type of molecule, period of time according to 
its characteristic diffusion rate ( translational) and hence will 
not be observable any longer. 
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Now, if the luminescence of one and the same molecule can be 
excited many times during its average dwelling time within the 
respective observation element, many luminescence signals from 
this molecule can be detected. In other words, the probability 
that a molecule which has once diffused into the observation 
element can be excited once more before it will leave the volume 
element again is much greater in diluted solutions than would be 
true for a freshly entering molecule. Though this means that 
with a correspondingly great possibility the corresponding lum- 
inescence signal comes from one and the same molecule rather 
than from a molecule which has freshly entered the element. 
Hence, a correlation between the change with time of the incom- 
ing emission signals and the relative diffusion times of the 
molecular species involved can be established. 

If the rotation of the polarization plane of exciting light and 
emitted light is measured as a further parameter, then the 
rotational diffusion coefficient of the molecules involved from 
which conclusions about molecular weight, shape parameters or 
the surrounding matrix can be obtained may also be determined. 

It becomes evident that it is even possible to detect single 
molecules in diluted solutions by exciting one and the same 
molecule very often {several thousand times) and accumulating 
the corresponding luminescence signal from many single measure- 
ment s - 

The realization of this measuring principle in practice was 
impeded by many technical difficulties. Although modern laser 
technology was employed, the observation element was so large 
that biologically interesting molecules having low translational 
diffusion coefficients were present in the observation element 
during a period whose order of magnitude was about 5 0 ms . Such 
a period is significantly too large since it causes strong 
bleaching of the respective dye ligands employed serving as the 
luminophore. Frequent excitation increases the chemical reactiv- 
ity of the luminophorous structure towards molecules of the en- 
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vironment, in particular oxygen, whereby the luminescence is al- 
tered or quenched. Of course, photobleaching also leads directly 
to false measuring data, since loss of luminescence (fluores- 
cence) simulates the molecule's leaving the measuring element 
and a distinction by standardizing the measuring method is hard- 
ly possible or can only be attained by unduly great technical 
expenditure . 

To date, the wide practical realization of this measuring prin- 
ciple in a generally applicable method was hence restricted to 
within narrow limits which will be overcome, however, by the 
method according to the invention. 

The critical breakthrough on the way to a routine method for the 
tasks of FCS as defined above according to the invention is ach- 
ieved by the introduction of ultrasmall measuring volumes (pref- 
erably lO'^^-lO'^*^ 1) , with total volumes of the sample being in 
the ^xl -range, the realization of which requires the simultaneous 
use, according to the invention, of particular elements of 
excitation optics, single photon detecrion and sample handling. 
The measuring volume of the device described in the experimental 
layouts is 2 X 10"^^ 1 which is about 10 0 0 times as small as the 
measuring volumes described in the literature. Hence, the illum- 
inated area has an approximate dimension of 0.1 - Supposing 
that FCS provides correct data in particular for a concentration 
of chromophorous molecules of 0,1-10 molecules per measuring 
element volume, the working concentration will be about 10" -10 
M. Measurements with maximum detection efficiency and background 
discrimination can be technically realized by using confocal 
optics with high apertures in combination with single photon 
detection. 

Binding constants can then be determined through translational 
diffusion if reaction time is slow compared with diffusion time. 
That means that a ligand which is to be observed does not change 
or changes but hardly its molecular structure during its enter- 
ing into the measuring compartment and its leaving the same. 
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Otherwise only a correlation is measured describing the mixed 
state. Here again, the importance of the method according to the 
invention using very small measuring volumes becomes evident, 
since the dwelling time of a molecule is about 1000 times shor- 
ter than with conventional compartments and hence opens up the 
usual dimensions of equilibrium constants and rate constants of 
specific biological recognition reactions, for example ligand/ 
receptor interactions, for measurement. 

1. The significance of the small volume el em e n ts according to 
the Invention 

According to the invention, the significance of the small volume 
elements for the performance of the methods according to the 
invention and the uses thereof has different, experimentally 
distinguishable aspects . 

The significance of the small volume elements should be seen 
under the following aspects : 

background scattered radiation, especially Raman radiation, 
life of fluorescence dyes under light exposure, 
short measuring times, 

diffusion times of macromolecular complexes, viruses, 
cells , 

integrity /preservation of the complexes not present in the 
volume element, and 

life of complexes during measurement. 

From the below explanations, it becomes evident that several 
parameters have positive effects in the sense desired according 
to the invention at the same time in realizing small volume ele- 
ments and, through a cumulative effect, have resulted, according 
to the invention, in the non- linear/exponential improvement of 
the methodology which has made the solution of the problem 
according to the invention at all possible. 
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A signal-to-noise ratio of 1000 necessary for the measurement of 
single molecules is attained by small volume elements in the fl- 
and sub-f 1 -regions . The deterioration of this ratio follows the 
third power of the increased radius of the measuring volume 
(r ) . This behaviour was completely neglected in earlier exper- 
imental approaches in which a laser beam illuminated the volume 
of a long column and virtually only diffusion in two dimensions 
out of the beam was analyzed. 

If a larger volume is nevertheless to be analyzed for reasons of 
measurement technique, then many small volume elements according 
to the invention can be measured in parallel by multiarray det- 
ection and/or different small space elements with distinct space 
coordinates can be measured in succession. The characteristics 
of the signal-to-noise racio is maintained therein for each 
Gaussian space element as measuring volume. According to the in- 
vention, each and every space element is preferably illuminated 
confocally with prefocused exciting light as in a single meas- 
urement of one space element and an image of the space element 
is formed in the object plane by a pinhole aperture. 

The methodological breakthrough of the technology to the safe 
identification and measurement of single molecules and the 
possibility of counting single molecules which is necessary for 
determining equilibrium constants through the number of complex- 
ed and free ligands in the measuring volume over a particular 
measuring period was accomplished by using measuring volumes of 
£ 10"-^^ 1. This has become possible by employing, according to 
the invention, pinhole apertures with diameters < 10 0 fim, pref- 
erably with diameters s 2 0 to 3 0 ^m, as well as by employing a 
prefocused laser excitation. With pinhole apertures of this dim- 
ension located in the object plane, a diameter of the Gaussian 
measuring volume of 0 . 33 /xm to 0 . 5 ^m can be reached at 60 -fold 
magnification. If optics with a different image scale are em- 
ployed, correspondingly adapted pinhole apertures must be used. 
For free rhodamine, this means an average time for the diffusion 
out of the measuring volume of about 4 0 /xs, whereas according to 
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the prior art 750 fxs are realized. At the same time it must be 
said, however, that a reduction of the radius of the Gaussian 
measuring volume by a factor > 10 is not appropriate since the 
more than 1000 times smaller dwelling probability of a molecule 
in the measuring volume which is reduced by more than 1000 -fold 
would lead to unacceptably long measuring times. Thus, the op- 
timum of the presented method according to the invention cor- 
responds to realized measuring volumes V of from 10"^^ to 
s lO"^"^ 1. Anyway, with visible light the reduced size of the 
space element cannot be further reduced largely due to the diff- 
raction properties of the light. This could be circumvented, 
however, by using X-ray radiation according to the invention in 
case nuclear fluorescences are excited in order to generate 
measuring signals. 

Under the aspects, 

that the measuring times be within a range (ms to sec) 
acceptable for practical applications, 

that the signal-to-noise ratio be significantly > 1 and 

especially within the range of 100 to 1,000, and 

that the average times of diffusion of smaller molecules, 

molecular complexes, or molecular fragments (through the 

measuring volume) do not become too large, lest they be 

destroyed by exposition to the radiation designated for 

excitation, 

an optimum Gaussian measuring volume of s 10"^^ 1 and especially 
£ 10"^*^ 1 results. 

The signal-to-noise ratio's being quite high is accounted for, 
in addition to the fact that the measuring volume is small, 
preferably by appropriate filters being employed. For conve- 
nience, these optical filters are interference band filters to 
suppress Raman scattered light and/or Raman cut-off filters 
which "cut off" scattered light closely by the wavelength of the 
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radiation designated for excitation, with optical densities of 
10""^ corresponding to a suppression factor of lo"^. 

For the method according to the invention and the device for 
fluorescence spectroscopy of single molecules, molecular com- 
plexes and/or molecular fragments according to the invention, it 
is critical - in addition to the extremely sharp focusing of the 
radiation designated for excitation - that there be a confocally 
located pinhole aperture having an extremely small orifice in 
the beam path of the radiation resulting from excitation. The 
size of the orifice of the pinhole aperture in the object plane 
is selected depending on the image scale and the size of the 
measuring volume to be imaged in the object plane. With an image 
scale of 40 (100) and a radius of the measuring volume of s 0.1 
Mm, a radius of the pinhole aperture of 4 /im (10 ^^m) will result 
as a lower limit. 

Background scattered radiation, especially Raman radiation 

The more intense the exciting laser beam passing through the 
sample and the larger the volume element imaged on the single 
photon detector, the less intense is the radiation scattered by 
molecules and solids present in the sample that will reach the 
detector, that is to say it is more easily discriminated from 
the sought signal by autocorrelation. 

According to the invention, a single rhodamin molecule is meas- 
ured with a signal-to-noise ratio of 1000 in a space element of 
0.2 fl, if the Raman band of water is suppressed by conventional 
filters. Prior measurements without using such small space elem- 
ents could realize signal-to-noise ratios of only 10'^. 

Life of fluorescence dyes under light exposure 

The fluorescence dyes which are biologically applicable accord- 
ing to the invention have only a limited life. Dyes such as 
fluorescein are even significantly more light sensitive. For the 
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precise measurement: of average dwelling times, especially of 
large complexes, however, the dye will be excited about 10,000 
to 1,000, 000 times before the molecule will have left the 
measuring volume again. Each premature bleaching deteriorates 
the measuring result since premature bleaching simulates too 
large a translational coefficient (a smaller m.olecule) . 

Diffusion times of macromolecular complexes, viruses, cells - 
short measuring times 

Particularly large molecular complexes, viruses or cells have 
extremely small translational diffusion coefficients. In the 
small volumes according to the invention, viruses and cells can 
even be handled without significant bleaching of coupled dye 
labels which have diffusion coefficients of about 10'^ cm^/s for 
free M13 DNA and about 5 x 10"^ cm^/s for an E. aoll bacterium. 
The dwelling time of a bacterium in the measuring volume is 
about 3 0 ms. Larger measuring volumes, which have been the only 
possible ones this far, will result in unacceptably long 
measuring times until those large complexes will have left the 
measuring element again through translational diffusion. 

Integrity/preservation of the complexes not present in the 
volume element 

A statistical probability exists, that a dye will react out of 
the excited state by some chemical reaction and hence bleach. If 
this happens through light from outside the measuring volume, 
then the measurement should not be affected since an inactivated 
dye will not provide any signal at all and hence would not con- 
tribute to the measurement. However, the quality of the method 
is drastically limited by the fact that the effective concentra- 
tion of measurable molecules and molecular complexes is de- 
creased by premature bleaching of dye -labeled molecules which 
are still outside the measuring volume and hence the sensitivity 
is affected. Those negative effects will become quite bothersome 
if the laser beam is not focused to a maximum extent and if the 
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label molecule is provided with several dye molecules according 
to a preferred embodiment of the invention, an undeterminable 
portion of which has already been bleached by prior light ex- 
posure . 

Life of complexes during measurement 

A complex of a target molecule to be detected and a labeled test 
reagent is detectable according to the invention only in the 
case that the complex remains stable throughout the measuring 
time. This would not be the case anymore with average complex 
dwelling times in large volume elements in the range of seconds, 
if the complexes themselves had a decay time in the range of 
seconds. This can thoroughly be the case with biologically 
relevant* reactions such as metal ion complexations in which 
binding constants of 10^ l*mol"^, for example, are relevant. The 
small volume elements according to the invention, however, mean 
so short average dwelling times {< 1 ms) that for virtually all 
interesting complexation reactions a complex will remain stable 
throughout its dwelling time in the measuring volume. 

Multiarray detection 

A multiarray detection according to the invention can be 
performed by a larger volume being illuminated in a non-optimal 
way with different volume elements being imaged separately on a 
multiarray detector, however, and the incoming photons being 
recorded and evaluated separately during a measurement . This is 
possible by using multiarray single photon detectors as commer- 
cially available. One drawback of this method is the fact that 
undesired irradiation will result in significant photoinactivat- 
ion outside the measuring volumes. In a multiarray detection, 
that is in the parallel FCS analysis of measuring volumes of 
different space coordinates or in successive FCS analyses of 
measuring volumes of different space coordinates, it is not 
advantageous, in the sense of what has just been said, that a 
relatively large volume element be illuminated in an experimen- 
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tal array while the measurement of the small space elements is 
performed by simultaneous imaging, measuring and evaluating 
small space elements arranged in a 2D pattern. In this experi- 
mental proceeding (figure 24) , numerous chromophores will bleach 
already before having rached the measuring volume by diffusion. 

With lower concentrations, accordingly more volume elements will 
have to be measured. Since the average measuring time for one 
measurement ranges between 10 and 10 0 ms depending on the re- 
quired quality of measured data (signal-to-noise ratio) , from 
10,000 to 100,000 volume elements can be tested in 1000 s. 
Hence, extremely low concentrations of 10"^^ to 10"^^ M can be 
measured. This also means that specific biological interactions 
with binding constants k^gg > 10^ mol/1 up to k^^g = 10^^ mol/1 
can be measured. 

One example demonstrates how binding constants or reaction rate 
constants may be measured using the technique according to the 
invention. The measurement of a binding equilibrium between 
reactants according to the invention is based on the fact that 
at least one reactant is preferably chemically coupled to at 
least one dye molecule and the rotational diffusion rate and/or 
the translational diffusion rate of the reactant will change 
during complex formation. If equilibrium constants are not 
directly compatible with the experimental condition of highly 
diluted solutions, that is to say, if low binding constants 
require higher reactant concentrarions , this can be achieved, 
for example, by offering an excess of the non- labeled reactant 
or by adding an excess of unlabeled reactant to the labeled 
compound. 

The measurement of reaction kinetics through molecular fluctua- 
tion using FCS, as has been described by Magne, could not be 
carried out satisfactorily in the measuring compartments real- 
ized this far due to the long diffusion paths. With the measur- 
ing technique according to the invention, the determination of 
the dissociation rate constant of a complex is possible in a 
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range of from 10"^ up to about 10^ s'-^, which range is 

particularly relevant for biochemical reactions. Such measure- 
ment can be performed, for instance, by interchange of fluores- 
cence labeled label molecules. 

The technique according to the invention also allows for the 
measurement of conformational changes in biological macromolec- 
ules as well as the determination of related thermodynamic and 
kinetic constants. Fluctuations of the structure can be det- 
ected, for instance, through measurement of rotational diffusion 
or through signal changes by so-called energy transfer (Forster 
transfer) . 

This method is applicable in DNA/RNA analysis as well (DNA/RNA 
analysis, see below) . In genetic analysis, particularly for the 
determination of infective pathogens, the sensitivity of the 
diagnostic method is often critical . This has become evident 
especially in recent years in connection with the introduction 
of enzyme-based methods for the amplification of genetic target 
sequences. It can be expected that by employing this method the 
necessity of a preliminary enzyme-based amplification can be 
avoided for several diagnostic methods , whereby problems of 
contamination with strongly amplified single sequences can be 
circumvented, for example. 

The method can also be used instead of the known diagnostic 
methods of RIA, ELISA or other methods {see below, receptor 
screening) . One particular advantage of the method according to 
the invention may be seen in the fact that the system is self- 
calibrating. Establishments of calibration curves or internal 
standardization need not to be done. Each experiment obtains its 
internal calibration from the determination of the molecules 
considered. For instance, variations of laser intensity will not 
affect the accuracy of measurement, A problem of drifting with 
successive measurements does not emerge. Measurements can be 
repeated at different times without renewed calibration yielding 
the same results. Calibration of the devices can be omitted. 
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One preferred application are assays without participation of 
antibodies as test reagents or for substitution in conventional 
assay methods which have been based on ELISA, RIA or FIA using 
antibodies. Considered are all assays employing other molecules 
in addition to antibodies as specifically recognizing molecules 
(receptor molecules, test reagents) in order to recognize par- 
ticular target molecules (ligands) . In general, possible recep- 
tor molecules, in addition to antibodies, are all molecules or 
molecular complexes which have specific recognition sites on 
their surfaces (e.g. antibodies, single-strand antibodies, mem- 
brane receptors, soluble receptors, enzymes, structural pro- 
teins, polysaccharides, peptides, complex secondary metabolites , 
etc.) or contain specific recognition sites for target molecules 
inside (e.g. HDL, VLDL, LDL) . 

If the formation of a specific complex between a receptor and 
one or more ligands in the general form is of analytical inter- 
est and/or if at least one of the involved molecules can be pro- 
vided with at least one dye label and the complex formation bec- 
omes evident through change of rotational diffusion and/or 
translational diffusion of the dye label, then an FCS assay can 
be performed- Similar thermodynamic regularities with respect to 
an advantageous embodiment will apply thereto as apply to the 
corresponding assays of the ELISA, EIA, RIA or FIA types (see 
figures 1, 2) , 

The perf oinnance of the method according to the invention becomes 
evident in particular when compared to technologies presently 
being in the market. A well introduced method is the so-called 
FPIA technology of ABBOTT, Chicago, using the so-called TDX 
system for the related instruments. Here, the depolarization of 
fluorescence labeled molecules is determined in homogeneous 
assays . 

Depolarization of the emitted light of a fluorescence dye 
following excitation with polarized light is a property, which 
primarily depends on the molecular weight of the molecule an its 
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shape parameters. A relatively small molecule will rotate more 
frequently within the period between excitation and emission of 
the fluorescent light than a significantly larger molecule would 
which results in a correspondingly stronger depolarization of 
the emitted light. This effect is made use of as small fluores- 
cence labeled molecules compete with unlabeled target molecules 
for e.g. antibody binding sites. Fluorescence depolarization 
will then provide information about the relative portion of the 
labeled molecules bound in the complex. However, this method 
evidently does not reach the desired detection limits. The 
manufacturer herself gives a lower detection sensitivity of 10"^ 
M. The method according to the invention is more sensitive than 
this by more than two orders of magnitude even without optimiza- 
tion. This is true when the FPIA kits are used according to the 
invention. By using more sensitive dyes, additional orders of 
magnitude of increased sensitivity may still be attained. This 
is very important e.g. in drug diagnostics. 

The method according to the invention exhibits its superiority 
particularly in a quantified assay and in quality depending on 
varying sample conditions . The degree of fluorescence depolar- 
ization depends on the conditions viscosity/temperature of the 
medium. With increasing viscosity, the degree of fluorescence 
depolarization of all molecules decreases due to lower rotation- 
al diffusion coefficients and immediately affects the results. 
Similarly interfering effects can be caused conditions of the 
medium affecting the life of the excited state. Prolonged life 
will simulate an increased fluorescence depolarization. In the 
method of measuring the translational diffusion according to the 
invention, however, those effects do not adversely affect the 
quality of the results. In practice, this means a significantly 
smaller expenditure in sample preparation and scaling of the 
method and a notably larger range of dynamic measuring width. 
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2. The significance of reaction rate for complex formation 

As in the case of nucleic acid reassociation (see below) , with 
other specific recognition reactions the association rate can 
also be so slow that a homogeneous assay based on this recogni- 
tion reaction ist not practicable. Whereas in inhomogeneous 
assays reactants are often offered in excess, for instance when 
working with labeled antibodies, in order to increase the reac- 
tion rate of the specific complex formation and the excess of 
reactants not bound to the complex is removed in a subsequent 
step, this cannot easily be done in homogeneous assays. 

This problem shall be illustrated by means of an example: The 
detection according to the invention allows for the determin- 
ation of concentrations of compounds labeled with fluorescent 
dye in the range of ^ 10"^^ M. If a fluorescence labeled spec- 
ific test reagent is employed for a target molecule or a molec- 
ular complex, at least three requirements must be met: 1. The 
difference in size between the fluorescence labeled molecule not 
bound to the complex and bound fluorescence labeled molecule 
must be larger by a factor of about 2 in terms of diffusion con- 
stant in order to be readily detectable through the different 
translational diffusions; 2. the binding constant must be suf- 
ficiently large to complex the target molecule, 3. the reaction 
rate of the association must be sufficiently large to realize 
complex formation within an experimentally acceptable period of 
time ranging from minutes up to hours at most. 

If one complexed target molecule among 10 0 molecules of the test 
reagent not bound to the complex can be detected, then according 
to the invention a concentration of 10'^^ M of test reagent can 
be employed to detect a formed complex of 10"^^ M. In the equi- 
librium, complex formation can take place efficiently, if the 
corresponding association constant k^«« for the bimolecular re- 
action is at least 10^^ M'^. Such high binding constants will 
occur only rarely with biological molecules such as proteins- 



The binding constants of antibodies usually are in the range of 
10^ to 10^*^ M~^. 



The reaction rate constants of antibodies for the bimolecular 
complexation reaction hardly exceed the range of k^g^ = lo"^ 
M"^s*^, The difference in the binding constants principally 
results from the differences in dissociation rate constants k^igg 
of the complexes which often range between 10 and 10"^ s"-"-. For 
the case discussed above, however, a rate constant of K^^„ = 10*^ 
Mol'^s"^ means that the half life of association would be around 
1000 s already if concentrations of 10"^° M of test reagent were 
employed. 

According to the invention, several alternatives arise to make 
use of the sensitivity of the optical detection reaction, being 
10" M for a homogeneous assay, for the recognition reaction 
despite of lower binding constants. 

The effective association rate can often be changed dramatically 
by alteration of the reaction conditions. For nucleic acids it 
is described below how the association of complementary nucleic 
acid sequences can be accelerated by 10,000 to 100,000 times. 
Recognition reactions of sequence motifs on long- stranded DNA 
proceed faster than could be achieved by pure diffusion control. 
Probably, the rate-determining step is . the arrival of the prot- 
ein factor at the DNA followed by a fast one-dimensional diffus- 
ion step along the DNA to the actual site of binding. 

An acceleration can in general be achieved by shortening the 
diffusion pathways of the rate -determining step of association. 
This is done, in a rather trivial way, by concentrating the 
reaction mixture. 



According to the invention, the conditions of the medium are 
varied in the homogeneous assay such that the effective dwelling 
space of the reacting molecules is reduced without reducing the 
sample volume as such. According to the invention, this can be 
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done, for instance, by additives such as poly (ethylene glycol) s, 
dextrane, polyvinylpyrrolidon, chaotropic reagents, organic 
solvents or combinations thereof which primarily affect the 
structure of the hydrare water coats. According to the inven- 
tion, aqueous two-phase systems may also be used to enrich the 
reactants selectively in one of the phases. 

Another possibility is the use of excess components of the 
labeled reactant. If two dye-labeled reactants are used, which 
can recognize and bind one analyte jointly, so-called energy 
transfer complexes can be formed. One dye label serves as an 
acceptor of the exciting light whose emitted fluorescence light 
will excite the closely neighboring second dye molecule (10-100 
A) which will then emit light detected as the measuring signal 
according to the invention. Because the efficiency of energy- 
transfer decreases with the sixth power of the dyes' distance, 
the reactants can be used in excess. The translational diffusion 
coefficient of the ternary complex is measured according to the 
invention. 

The use of the dye -labeled test reagent as an excess component 
is also possible according to the invention, if the uncomplexed 
test reagent can be modified chemically or by irradiation with 
respect to its spectroscopic properties such that it becomes 
spectroscopically distinct from the complex. This is possible, 
for instance, in the case of intercalating dyes. 

The concentration by means of an electric trap according to the 
invention is described somewhere else in the specification. 

If complex formation only weakly contributes to a change in 
molecular weight and/or shape of a test reagent, such as, for 
instance, in the use of a labeled antibody against a small 
ligand, then the use of a second antibody in excess which is 
directed against the complex according to the invention can 
render the produced ternary complex detectable according to the 
invention . 



According to the invention, at least two different test reagents 
with at least two different dye labels, which are able to react 
with at least one target molecule wherein the fluorescence sig- 
nals of at least two dyes are measured according to the inven- 
tion, can also be used. This method can be employed in two ways. 

a) Parallel determination of at least two different analytes in 
a sample . 

The experimental problem frequently arises to detect several 
analytes together in one sample. Instead of two independant 
assays, detection of at least two different analytes can also be 
performed independantly according to the invention by reaction 
of two independant test reagents which are labeled with at least 
two independant and different dyes and preferably can either be 
excited with light of different wavelengths or independantly 
detected by light of different emitted wavelengths. This can be 
achieved, for example, by using two independant optical systems 
such as those schematically outlined e.g. in figure 16. 

3 . Cross correlation 

b) Increasing detection specificity by simultaneous binding of 
at least two test reagents to one analyte . 

Some analytes can be differentiated only with unsatisfying spec- 
ificity from similar analyte molecules by binding one test reag- 
ent. These may be exemplified by homologous nucleic acid sequen- 
ces which can be dramatically different with respect to their 
biological activities, such as e.g. their own pathogenicity or 
the pathogenicity of their products. Proteins, such as tumor 
antigens, structural proteins, or cell -type specific surface 
markers, can also be analyzed but unsatisfactorily by binding 
just one 1 i gand . 

According to the invention, a particular molecule can be com- 
plexed simultaneously with at least two test reagents which are 
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labeled each with at least two optically distinctive fluorescent 
molecules. According to the invention, the simultaneous complex 
formation can be detected either specifically through formation 
of an energy transfer complex (Forster transfer, see above) or 
through correlation of the signals of excitation and/or emission 
having different wavelengths. Binding of different test reagents 
to one analyte is proven by time correlation of the distinct 
optical signals. 

The double complexing of an analyte with two differently labeled 
test reagents not only has the advantage of increased specifici- 
ty, as discussed above, but also the practical advantage that 
higher concentrations of each individual reagent can be used. By 
means of time cross correlation of the fluorescence signals det- 
ected according to the invention, the signals of the uncorrelat- 
ed free test reagents can be efficiently suppressed at the level 
of electronic signal processing. This method can be used espec- 
ially well with nucleic acid analytes by employing at least two 
differently labeled test reagents which will bind to different 
sequence segments of the analyte. The emitted wavelengths of the 
respective fluorescences of the different dyes are distinct. In- 
stead of the sole autocorrelation of the detected signals, which 
is otherwise usually measured, cross correlation of the signals 
of different wavelengths is measured according to the invention. 
If both probes are simultaneously boimd to the target analyte, 
then cross correlation will yield the number of molecules and 
the diffusion time of the doubly labeled nucleic acid segment. 
Probe molecules which are not bound are visible in autocorrelat- 
ion, whereas their signals are suppressed in cross correlation. 

4 . Method and device for performing fluorescence correlation 
microscopy 

Thus, cross correlation of fluorescence signals of different 
dyes chemically linked or physically associated with a molecule 
or molecular complex can be used to increase sensitivity and 
enhance specificity according to the invention. To perform the 
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experiments in an optimum way, however, several requirements 
must be met which can be achieved to particular advantage by the 
method according to the invention presented herein in the 
following as well as by a related device. 

(* 

The method according to the invention pertains to the combina- 
tion of the method of cross correlation with fluorescence cor- 
relation spectroscopy using small measuring volume elements. 
This method must be clearly differentiated from such correlation 
methods as employed e.g. in FACS analysis (fluorescence activat- 
ed cell sorting) . Several optical parameters derived from a 
large complex such as a cell are also measured simultaneously 
therein, e.g. the forward light scattering in combination with 
a fluorescence signal or the simultaneous measurement of dis- 
tinct fluorescence signals. In the cell sorter, the signals of 
single droplets are measured in which single cells may be pres- 
ent. Therein, by correlation of signals to identify cell types 
and subtypes is only meant the intensity distribution of differ- 
ent signals which is detected integrally throughout the droplet. 
Correlation is considered therein only to mean the parallel de- 
tection of several parameters with respect to their individual 
intensity. The method described herein time-links two stochastic 
processes, the diffusion characteristics of different chromo- 
phores in a small space element. On the level of a cell, this 
means virtually that the method according to the invention is 
able to distinguish between different molecules bearing a chro- 
mophore and being present in the measuring volume whereas in the 
cell sorter, the concentration of this chromophore is determined 
integrally in the droplet, irrespective of whether it is part of 
a small molecule or it occurs in a complex or bound to a cell. 

Cross correlation in connection with FCS analysis is intended to 
mean the following methodology: A volume element is illuminated 
by a laser beam or X-ray beam which is as strongly focused as 
possible. The intensity of the electromagnetic radiation is 
chosen so high that a large percentage of molecules that can be 
excited by the radiation exist in the excited state. The fluor- 
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escent light emitted by them is detected by confocal imaging by 
means of a pinhole aperture in a single photon measuring device 
so that only a small volume element of the elongated cone of 
light is measured. When a molecule migrates into said volume 
element by diffusion, it is excited and measured through the 
emitted light as long as it remains inside this measuring volume 
element- The average dwelling time is characteristic for the 
size and shape of a molecule, a molecular complex, or a cell. 

In this way, molecules being present at different concentrations 
can be distinguished or simultaneously counted by correlation 
spectroscopy. For instance, binding constants for complex 
formations of e.g. receptor/ligand interactions or kinetic con- 
stants such as decay rates of such complexes can be determined 
in this way. The method will yield optimum results if particu- 
larly few molecules with fluorescent properties are present in 
the volume element per unit of time. This is the case for con- 
centrations in the range of 10'^ and below. Conversely, however, 
the problem arises that complex formation with a second reactant 
will not proceed any faster than by lo'^/s. For equimolar concen- 
trations for two reactants of 10"^ M, this means a reaction time 
of more than one minute. Shortening of the reaction time can be 
achieved, for instance, by using an excess of the fluorescence 
labeled reactant. With a reactant concentration of 10"^ M, com- 
plexes with target molecules with a concentration of 10"-^^ M can 
be detected in this way after minutes of reaction time. With 
lower concentrations, the signal -to -signal ratios of complex and 
free ligand become too high to allow for reliable concentration 
measurements. Another experimental problem arises if the binding 
constant of a complex to be measured is not high enough to em- 
ploy ligand concentrations of s 10"^. Virus antigens, nucleic 
acids of pathogens, or certain hormones, however, have to be 
detected in concentrations which are significantly smaller than 
10"^ M. A typical application field is the diagnostics of tumor 
antigens through monoclonal antibodies which often have a low 
binding constant as well as not too high a specificity in dis- 
tinguishing the tumor antigens of a dedifferentiated cell from 
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the antigens of the respective differentiated cell. Cross cor- 
relation using two different chromophores allows to increase 
sensitivity and specificity in the sense discussed above. 

At least: three chromophore bearing molecules or molecular com- 
plexes need to be distinguished experimentally: free ligand with 
chromophore 1, free ligand with chromophore 2 , complex with 
chromophore l , complex with chromophore 2 , and complex with 
chromophore 1 and chromophore 2 . Only a complex bearing both 
chromophore 1 and chromophore 2 throughout the period during 
which the complex is present within the measuring volume is 
indicative of a target molecule to be detected such as a tumor 
antigen or a pathogen, such as a virus, or a related DNA or RNA. 

Now, in cross correlation the signals of chromophore 1 and 
chromophore 2 are correlated. Only in the case that a molecular 
complex is excited in which in one and the same window of time, 
wherein the molecular complex is present within the measuring 
volume, both types of chromophore are detected, these signals 
are assigned to a complex bearing both chromophores. 

Critical requirements for a successful cross correlation are: 

The distance between chromophores 1 and 2 on the target 
molecule must be small compared with the dimensions of the 
measuring volume, so that both dyes are hit by the exciting 
light simultaneously within the error limits of the meas- 
urement, when they enter the measuring volume and leave it 
again (distance in the complex < 0.1 /xm) . 

The measuring volume must have the same dimensions for both 
dyes, so that both dyes, when linked to one another, are in 
contact with the respective exciting light within an iden- 
tical window of time. 

Both measuring volumes must have the same space coordinates 
within the error limits of measurement. 



Solving this problem is in no way trivial. For instance, one 
problem is the fact that light of different wavelengths will 
result in different image sizes due to different refractive in- 
dices, as is well known. It would be disastrous to the measure- 
ment, however, if two lasers with different wavelengths illum- 
inated unequally sized volume elements due to unequal focusing, 
or if detecting on the photo multiplier covered different meas- 
uring volumes . 

According to the invention, this problem is solved either by 
using only one laser with one exciting wavelength in connection 
with the use of two dyes with strongly overlapping exciting 
spectra which can be distinguished, however, by the so-called 
Stoke shifts of at least two emitted wavelengths . Alternatively, 
volume elements having identical space coordinates are illumi- 
nated by two independant laser light sources. For convenience, 
the optics of confocal imaging is color compensated in both 
cases, i.e. corrected for both emitted wavelengths, so that one 
and the same space element is measured for both wavelengths. 

According to the invention, imaging optics which is conventional 
in microscopy is used for imaging the fluorescent light of dif- 
ferent wavelengths which will image light of different wave- 
lengths with identical scaling. For the performance of the 
method according to the invention it is also critical, however, 
that space elements of identical size, identical intensity prof- 
ile, and identical space coordinates be illuminated for both 
wavelengths. This is achieved by using, according to the inven- 
tion, a device on the side of excitation optics in which both 
laser beams are prefocused before entering the sample wherein 
either two fixedly adjusted optics having different magnifica- 
tion values are employed so that, as a result, both wavelengths 
are prefocused with the same dimensions and geometry of the 
beam, or else a device with fixedly adjusted prefocusing optics 
is used, that is in combination with a variable beam expander 
for the second beam path or by employing variably adjustable 
beam expanders for prefocusing in both beam paths. 
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For convenience, the device is realized as a compact double 
microscope whose two objective lens arrays, oriented to two 
opposing sides of the measuring compartment to be illuminated, 
can be shifted along their optical axes. The optics for the 
incident light beams and for the light beams emitted by the 
molecules, molecular complexes, vesicles, or cells of. the 
measuring compartment are arranged on two sides of a common 
guiding or supporting device for each "moiety" of the double 
microscope. Each of the incoming light beams are deflected 
towards the objective lenses by dichroic mirrors. The returning 
light beams penetrate these dichroic mirrors rectilinearly to 
hit a detector after having passed diverse optical elements, 
such as lenses, confocal elements, and filter devices. 

For convenience, the optical axis of the light beams impinging 
on the dichroic mirrors is oriented perpendicular to the shif- 
ting direction of the two objective lenses. The two light beams 
of different wavelengths, superimposed, impinge on mirrors loc- 
ated one behind the other, the first of which in the beam path 
is a dichroic mirror. One of the two light beams is deflected by 
this dichroic mirror whereas the other rectilinearly penetrates 
this dichroic mirror to be deflected by the reflecting mirror 
behind in the direction opposite to that of the first light 
beam. The deflection directions of both light beams are parallel 
to the shifting direction of the objective lenses. The deflected 
light beams are again deflected by reflecting or dichroic mir- 
rors to pass through the optics for the incoming light beams. 
This arrangement of the optical elements of the double micro- 
scope has the advantage that the two objective lenses along with 
the optics for the light impinging on the measuring compartment 
and proceeding therefrom can be displaced without the need to 
displace or shift the light generation sources along with them. 
The light generation sources which are, in particular, laser 
sources, can be positioned remote from the double microscope; 
only the relative position between the light generation sources 
and the site of the double microscope where the two light beams 
are superimposed and fed in must not change. 



The device can also be employed in the case when it is necessary 
to cover fluorescence signals from the measuring volume over the 
total 47r solid angle. In particular, this may be the case when 
it is critical to cover all emitted photons in the detection of 
one single molecule. In zhis case the device described would be 
used in such a way that only one exciting wavelength is employed 
and both detecting optics together cover the total 47r solid 
angle . 

Figure 1 illustrates a receptor assay for related effector mol- 
ecules-using receptor bearing cells wherein the receptors have 
specific binding properties as to a ligand L. The ligand is 
provided with a dye label according to the invention. According 
to the invention, the molar ratio and the total concentrations 
of receptors and ligand are selected to advantage such that 
about 50% of the receptors are occupied and about 5 0% of the 
ligands remain unbound. In the analysis according to the inven- 
tion, this can be seen by the fact that about the same number of 
emitted light signals are detected from molecules with fast 
translational diffusion as are detected from molecules with slow 
translational diffusion (schematic drawing on the upper right; 
the step on the left corresponds to the free ligand, the step on 
the right corresponds to the receptor bound ligand) . 

When a potential active substance is added, a shift of the equi- 
librium indicates interaction of the candidate active substance 
with the specific receptor binding. In the case of an antagonis- 
tic activator or blocker of the receptor function, displacement 
of the labeled ligand will be observed (the signal only corre- 
sponds to that of the free ligand) . The same signal can be ob- 
tained if an allosteric interaction of the active substance with 
the receptor or with the ligand prevents binding of the labeled 
ligand. 

In an analogous way, a potential active substance can also en- 
hance binding of a ligand to the receptor so that measurement of 
bound ligand will be increased (lower right) . 



The assay can also be performed in the case that the cell bears 
more receptors which do not interfere with the specific reaction 
observed. 

If the equilibrium in a receptor recognition reaction is not 
quickly reached, it may be of advantage to make the labeled 
ligand and the potential active substance compete for the 
receptor simultaneously. 

Figure 2 describes the use of potentially different receptors on 
different cells which, however, will possibly recognize a 
defined natural ligand with the same specificity and binding 
strength, but will transmit different signals. Potential active 
substances could be of interest to selectively activate or block 
those receptors. This can be achieved with mutants /variants of 
the natural active substance as well as with active substances 
which are not structurally related. 

For instance, the assays for the respective target receptors are 
first performed separately. Here, the rules which are given in 
the legend of figure 1 will apply. A potential active sxibstance 
is primarily assayed for interacting effectively and specifical- 
ly with one of the studied receptor bindings and thus for allow- 
ing to separate different receptor functions (possible cases on 
the lower left) . With effects acting in the same direction, 
measuring results such as shown on the lower right can be found. 

As will be set forth in. more detail below by means of specific 
examples, FCS assays according to the invention are especially 
prominent because they are not limited to antibody mediated 
specificity, are equally useful for molecular, cellular, tissul- 
ar systems in homogeneous or in solid phase assays, allow for 
the determination of thermodynamic parameters (binding con- 
stants) and kinetic parameters (rate constants) , allow for non- 
destructive investigations of living systems (cell cultures, 
tissue) and unspecific interactions with surfaces do not inter- 
fere when analysis takes place in solution. 
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5. Screening of pharmacologically active substances through bin- 
ding of known fluorescence labeled ligands to xinknown receptors 
which may be present on cells or on natural or artificial ves- 
icle structures 

Natural as well as chemically synthesized pharmacologically 
active substances exist the target molecules of which are not 
known. Those target molecules may be extracellular molecules 
(e.g. protease inhibitors), surface membrane receptors (e.g. 
insulin) , soluble mediator receptors (steroid hormone binding 
receptors), or cellular structural proteins, or enzymes. 

Hence, according to the invention the extremely important 
problem can be solved to find, characterize and optionally to 
isolate the pharmacologically important target molecule of a 
known active substance : 

search for orphan receptors 

revelation of the mechanisms of pharmacological action 
search for analogous active substances 

search for and distinction between different receptor mol- 
ecules, preferably in distinguishable biological targets 
(different cell differentiation, tumor/non- tumor , patholog- 
ical/non-pathological, etc.) . 

Pharmacokinetics 

According to the invention, phairmacokinetic investigations may 
also be performed: 

after different intervals of time following administration 
of a particular active substance, tissue samples or body 
fluids can be analyzed in competitive experiments using 
freshly added dye-labeled comparative substance. 
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Distinguishing between target molecules of active substances 
through the dissociation rate constant of the complex 

If an excess of dye-labeled active substance is added to a mix- 
ture of different complexes between receptors and the active 
substance, then nearly each dissociated molecule of the active 
substance will be replaced by dye-labeled active substance. Op- 
tionally, the experiment may be carried out with reverse label- 
ing as well. For example, a typical problem is the analysis of 
different cell lines in order to detect distinct receptors (ex- 
ample: tumor surface antigens, protein P binding receptors type 
O I, II, III). Typically, a diagram such as that depicted in 

JJf figure 19 will be found, if many samples are analyzed simulta- 

nl neously. According to the invention, large amounts of analyses 

^ a-2re analyzed in an experiment simultaneously and/or repeatedly 

Is, over a long period of time, when dissociation rate constants are 

O slow, by analyzing the determination of the ratio of initially 

bound and dissociated active substance iteratively in all posit- 
fll ions after fixed intervals. Figure 19 contains a schematic 

H- drawing of the results. 

m In this way, different receptors or antigenic determinants may 

be assayed, for example, which form complexes of different 
thermodynamic stability with a specific target molecule in one 
and the same sample or in different samples with e.g. different 
cell types or differentiation stages, whose dissociation rates 
(kj^) are drastically different while their reaction rates values 
(kj^) are often comparable. Thus, biological guiding structures 
for so-called orphan drugs or orphan receptors or members of 
multifunctional molecular families can be detected by means of 
functional assays . 

In practice, advantages in handling especially arise from the 
fact that working in homogeneous solution allows for very short 
incubation times for routine analyses in the nM range which are 
virtually no longer relevant (range of seconds to minutes) , and 
there are no extensive washing steps or secondary incubations. 
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As sample carriers, sheet-like carrier systems are preferably 
used which make it possible, according to the invention, to 
approach the liquid sample close to the objective without con- 
tact and hence without contaminations (figure 3) . 

Figure 3 illustrates the use of carrier sheets having wells 
thereon such as described or used, for instance, in the patent 
applications PCT/EP 89/01320, PCT/EP 89/01387, PCT/DE 91/00082, 
PCT/DE 91/00081, PCT/DE 91/00083, PCT/DE 91/00704. The reaction 
carriers, referred to as multi-well sheets, bear wells which can 
receive the samples for PCS analysis according to the invention. 
They are controlled by a two-dimensionally positionable sheet 
insertion device such that the bottom of the sample containing 
well is approached closely to the objective, so that the liquid 
sample volume is not further away from the edge of the objective 
than about 100 -1000 /xm. is the preferred medium between 

sheet and objective, to which the correction of the objective is 
preferably related (see above) , The sheet is optically clear and 
chemically inert with respect to both the exciting light of the 
laser and the emitted light. In a preferred procedure, the 
sheets are sealed by a cover sheet. Sheets are preferred which 
have a distance between wells corresponding to the commercial 
microtitration format: or Okasaki format, since automatic pipet- 
ting devices for those formats are available in the market in 
great numbers. Moreover, sheets as reaction carriers are low- 
polluting, easily disposed and can be filed space -savingly in 
the sealed state. 

6. Analysis of ionic molecules 

Charged molecules (cations and anions) can be analyzed specifi- 
cally within the measuring compartment of the method according 
to the invention by employing an "electric trap". This can be 
done, for instance, by inducing a molecular flux through the 
measuring compartment wherein, with or without superimposing by 
a mechanically induced flux, an electric field causes concen- 
t^^^io^ of particular ionic molecules in the observation com- 
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partment or a single molecule is transported into the compart- 
ment directedly. This can be achieved by a rectified field, e.g. 
between the outlet ends of two capillaries with a f iel strength 
in the range of about 1 V/l /xm. According to the invention, it 
can also be accomplished to make one or more trapped molecules 
oscillate in an alternating electrical field in the observation 
compartment as soon as they have entered this volume element 
(see below) . 

Technical description of the device according to the invention 
?• Optics 

The method according to the invention can be perfonned techni- 
cally with microscope optics of high quality with respect to the 
image quality of the focus. In particular, the lens system 
before the emergence of the exciting light must be chromatically 
and spherically corrected. Preferably the system Neofluar of the 
company Zeiss, Oberkochen, Germany having a high numerical aper- 
ture s 1.2 N.A. is used with or without cover glass or separat- 
ing coat. The operating distance is 0.17-0.9 mm. The objective 
is corrected for water and offers maximum numerical aperture 
with maximum operation distance. Oil immersion objectives are 
less suitable. According to the invention, the light quantity is 
limited by a confocal pinhole aperture in the object plane 
behind the microscope objective. 

8. Laser light source 

As laser light sources for wavelengths of > 200-1000 nm continu- 
ous lasers are preferably employed, especially lasers of the 
argon, krypton, helium-neon, helium- cadmium types as well as 
tunable diode lasers (red to infrared regions) , each with the 
possibility of frequency doubling. According to the invention, 
the use of pulsed high frequency lasers of ^ 10 MHz is also 
possible . 



1 



- 32 - 

9. Laser intensity 

A laser intensity of 0.5 mW is already sufficiently high that a 
few percent of the dye molecules in the observation volume are 
excited. With a laser intensity of 5 mW, the percentage of ex- 
cited molecules is already 50%. Thus, further increase of the 
laser power does not appear appropriate for increasing the light 
efficiency. 

10. The luminophore 

Possible luminophores or fluorescent dyes apt to be coupled are 
a great number of fundamental dye structures as well as oligo- 
mers of those dyes as employed for a long time in fluorescence 
spectroscopic detecting methods. Preferred dyes are those which 
either do not themselves contribute to specific, interfering 
interactions with target molecules or are employed specifically 
making use of specific binding properties such as being capable 
of nucleic acid double-strand intercalation, as has been prop- 
osed in P 42 34 086.1 (Henco et al . ) . 

Preferably, the dyes employed have an absoirption coefficient 
between about 3 0,000 and 100,000 with a quantum yield of 0.1-1. 

For example, dyes from the coumarin series, or rhodamine B 
derivatives with a high content of hydrophilic residues to 
prevent hydrophobic interactions, or dyes based on thiazole 
orange fundamental structures which are capable of intercalating 
in double -strands have proven to be suitable. 

For the measuring method according to the invention, resistance 
of the dyes to photobleaching (bleaching stability) is an impor- 
tant property. However, as has been mentioned earlier, it is no 
longer of outstanding importance for the performance of the 
measurement since measuring times have shortened by some orders 
of magnitude as compared with measuring compartments which are 
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about 1000 times larger when veary small measuring volumes accor- 
ding to the invention are employed. 

11. Significance of the triplet state 

According to the invention, dyes are preferred which do not tend 
to form triplet states. 

When selecting dyes, it is of great importance to select those 
dyes which have a very low tendency to form triplet states . Each 
triplet state entered raises the probability of a chemical 
reaction, does not provide a signal or provides a signal with an 
undesired wavelength, and extends the period until the molecule 
is ready to be excited into the singlet state again. 

If dye multimers are employed for labeling, particularly those 
based on hydrophilic dyes such as certain coumarin derivatives, 
then measuring time can be shortened significantly. The larger 
number of individual measuring values has the result that less 
events of molecular passage through the measuring element must 
be pursued to obtain sufficient measuring accuracy. 

12 • Measuring compartments 

According to figure 4, the measuring compartments must be 
approached to the emergence objective of the laser- focusing 
optics at 100-1000 ^m. In the simplest case, this is done by 
means of a drop hanging on the objective itself and containing 
the molecules to be analyzed. Such a measuring set-up can be 
used only for a few analyses since the risk of contamination 
between different samples is high. Techniques comparable to 
those of conventional microscopy with cover glass and oil immer- 
sion can be employed. The method according to the invention uses 
water immersion and very thin glass or plastics sheets to separ- 
ate the aqueous sample from the optics. The sheets can at the 
same time serve to seal the compartments underneath in the fonri 
of flat carriers or in the form of capillaries. 
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For the application of screening large numbers of samples, as 
occur in experiments with evolutive optimization of biopolymers, 
membranes are also used which are chemically modified on the 
side directed to the sample. Preferred modifications are surface 
structures having specific binding properties, such as e.g. ion- 
exchange properties to fix nucleic acids, and/or specific bin- 
ding properties with respect to proteins, such as antibody coat- 
ing or coating with chelating agents, especially NTA (nitrilo- 
triacetic acid) or IDA (iminodiacetic acid) , to selectively fix 
recombinant proteins or peptides with binding oligopeptides, 
such as (His)g, which can be bound to surfaces through metal 
chelates with high binding constants (k^gg > 10^°) in order to 
analyze them for their respective properties of interaction with 
target structures . 

13 . Molecular trap 

Another possibility for the described detection of single molec- 
ules in small volume elements is the use, according to the in- 
vention, of a molecular trap using an electric field, which 
shall be described later. This kind of analysis can be applied, 
however, only to molecules apt to interact with the electrical 
field, such as ionized molecules. 

14 . Detection 

Detection of the measuring signals preferably takes place 
through the optics of a fluorescence microscope with single 
photon counting wherein an avalanche diode detector is prefera- 
bly used. For instance, the use of SPC-100 and SPC-200 of the 
manufacturer EG & G has proven to be appropriate. Signal anal- 
ysis is performed with a digital correlator or a multichannel 
counter MCS . 
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Method and application 

15. Cliaracterization of molecules 

The correlation method directly reveals three characteristic 
molecular quantities: the number (N) , the translational diffu- 
sion coefficient D^, and the rotational diffusion coefficient 
D^. The latter two are a function of molecular size and shape 
(i.e. radius, shape and volume) and provide information about 
changes of the molecule, e.g. by enzyme cleaving or complexation 
with other ligands, etc. Because measurement of diffusion cor- 
related diffusion times can be performed quickly and with high 
sensitivity according to the invention, the method for analyzing 
molecular sizes and their distribution in a population in sol- 
ution can be used without the need of chromatographic separa- 
tion. 

16. Determination of binding constants 

As R. Rigler has shown, analysis of the correlation function for 
molecules reacting with one another has the result that the 
interaction can be determined my measuring the number of 
molecules N and the weighting factors of the characteristic 
diffusion times. In the case that the value of the reaction rate 
constant is slower than diffusion time, which always will be the 
case in specific reactions, the correlation function is given as 
the sum of the weighted diffusion times: 

G(t) = l+l/N(x(l+t/T^) -i+y(i+t/Ty) 

where x, y, and r^, are the proportions and diffusion times 
of molecules X and Y. r = cj^/D. w is the radius of the sample 
volume and D is the diffusion constant. 

In the case that reaction rate constants are faster than dif- 
fusion times, the correlation function becomes 



T 



- 36 - 

G(T) = l + l/N(l+4<D>t/a)2) -1 
where <D> = xD^ + yDy- 

If and are different, the binding of a (small) ligand to 
a large target molecule as the receptor (protein, nucleic acid, 
antibody) can be followed in a simple way without molecular 
separation processes that are usual in so-called inhomogeneous 
assays. Corresponding relationships can also be deduced for the 
rotational diffusion coefficients or rotational diffusion times. 
The high measuring sensitivity exceeds that of radioisotope 
methods as known from the radioimmunoassay techniques (RIA) . 
These are equally good only when labeling with high specific 
radioactivity. When performed according to the invention, mol- 
ecular separation processes and time-consuming calibration can 
be omitted. Hence, the correlation method represents an alterna- 
tive to the radioimmunoassay used today. According to the tech- 
nique described above, a fluorescence labeled antigen whose bin- 
ding to an antibody is analyzed in competition with the antigen 
to be determined in homogeneous phase or inhomogeneous phase 
(solid phase coupled) is employed instead of the radiolabeled 
antigen reagent. One advantage of the method according to the 
invention is based on the fact that undesirable radioactivity 
can be omitted while at the same time increasing the sensitivity 
of the measuring method, 

17. Products of enzyme reactions 

Where enzyme catalysis results in a change of molecular struc- 
ture and molecular weight, the formation of reaction products 
can be followed through the change of the number of molecules 
and of diffusion times. Typical applications are replication and 
cleavage of nucleic acids, cleavage of proteins and peptides, 
but also selection of catalytic antibodies. 
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18 . Molecular dynamics in membranes and cells 

The possibility to measure the rotational diffusion of large 
molecules in viscous environment using the FCS method is of 
particular importance for the analysis of the dynamics of spec- 
ific receptors on cell surfaces, but also inside the cell. At 
the same time, binding of labeled ligands can be measured by 
measuring rotational diffusion and translational diffusion at 
cellular structures, such as receptors etc. Examples are 
neurotransmitters, tissue factors, such as growth hormones, but 
also cationic ligands such as Ca^"^. 

The method according to the invention can also be performed in- 
volving molecules that do not fluctuate or fluctuate vezy slow- 
ly. This is the case, for example, if measurement takes place in 
highly viscous media, in gel matrices or tissues, using solid 
phases or with very large molecular complexes or cells involved. 

Surprisingly, even cells can be measured in aqueous suspension 
despite of their large masses . Brownian motion and turbulences 
are sufficiently high to move e.g. a membrane segment with its 
receptors into the measuring volume and out again without inter- 
vening bleaching phenomena of the dye labels occurring. Schemat- 
ic figure 5 depicts the measurement of nearly stationary molec- 
ules according to the invention. As indicated by the rectangle, 
for instance, they may be present as membrane receptors on an 
immobilized cell (rectangle) . The coordinate axes illustrate the 
analysis, according to the invention, of non-fluctuating molec- 
ules as well by forced relative motion of the measuring volume 
with respect to the stationary element. This can be done by a 
relative change of the laser coordinates, of the coordinates of 
the measuring volume, or of the coordinates of the sample 
volume, or of a combination thereof. 

When fluctuation is strongly limited or the dye labels are bound 
in a stationary way, fluctuation with respect to the measuring 
volume must be forced according to the invention. This is 
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achieved by forced motion of the sample volume and the measuring 
volume contained therein (e.g. vibration, flow) and/or continu- 
ous or discontinuous change of the positional coordinates of the 
measuring volume within the sample volume. This is preferably 
done by changing the focus and/or by changing the position of 
the illuminated volume element. In the special case of a fixed 
label molecule, the relative motion with respect to the posit- 
ional coordinates of the measuring element thus forced exclu- 
sively determines the "apparent" translational diffusion of the 
bound dye. To achieve discrimination of dye molecules which are 
coupled to non- fixed molecules, the forced relative motion must 
be slower than that of the non- fixed molecules. 

The procedure described according to the invention is possible 
in the case that the time of translational diffusion of the 
slowly diffusing complex is irrelevant for analysis and rather 
the absolute or relative number of the dye labels linked thereto 
is of interest. This is the case, for instance, in determining 
receptor binding constants on cell cultures or in tissues. 

The method according to the invention allows for the measurement 
of molecular and/or cellular mobilities in an especially advan- 
tageous way. Such determinations are of great interest in tech- 
nical, biological and medical terms and often are only possible 
by using specialized technical methods which have not become 
wide-spread. The following selected examples, according to the 
invention, may be mentioned: determination of spermatozoa mob- 
ilities for fertility determinations, mobility of macrophages, 
activity of contractile elements, mobility of membrane proteins 
in natural or artificial membranes, mobility of actively or 
passively transported molecules. Preferably, this is done by 
labeling the cells, molecular complexes or molecules of interest 
with specific dye-labeled ligands, such as labeled antibodies or 
antibody derivatives, or by direct labeling with a dye label. 



One critical advantage of the procedure according to the 
invention is the possibility of screening pharmacologically 



active substances through binding of known fluorescence labeled 
ligands to receptors known per se which may be present on cells 
or natural or artificial vesicle structures. Presently, a 
preferred direction of research in searching for receptor bin- 
ding active substances consists in cloning certain receptors, 
such as the family of protein kinase receptors, first and 
expressing them separately. Then, these target structures are 
immobilized individually, e.g. in ELISA plates, and analyzed 
using ELISA assays. To do this, a considerable amount of 
research and personnel is required to which the risk must be 
joined that a cloned and isolatedly expressed receptor changes 
or loses its functionality or specificity. 

According to figure 1, 2) , it is possible in the case of the in- 
vention to completely omit cloning of receptors. Cells or 
fragments of natural cells or cloned cells can be employed since 
receptors must only be used in concentrations whose values are 
within the range of the reciprocal binding constant for the 
specific ligand interaction. This also suppresses the risk of 
unspecif ic interactions with other ligands or receptors that may 
occur with high reactant concentrations. Hence, the presence of 
other receptors does not interfere with the assay. 

If different cells/cell lines are used in an assay with a single 
type of labeled ligand, differences in the functional behavior 
of the receptors may possibly also be distinguished through com- 
petition with mutants or variants of the binding ligand. A 
differentiated receptor function with respect to one and the 
same effector in different tissues appears to be a not unfre- 
quent regulatory mechanism (e.g. TNF, kinines) (see figure 2). 
This effect can be used pharmacologically by employing selective 
ligand variants which recognize but one receptor type. 
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Figures 2 6 to 28 show the use of the FCS method according to the 
invention 

(i) for the determination of the behavior of a fluores- 
cence labeled ligand with respect to association with 
a receptor of the outer cell membrane, 

(ii) for distinguishing between bound and free ligand, 

and/ or 

(iii) for measuring ligand mobility in the case of a passage 

into the cytosol . 

Alternatives (i) to (iii) taken together are an example for em- 
ploying the method according to the invention in a dynamic laser 
scanning microscope with which three-dimensional imaging of the 
mobility of a labeled molecular species can be achieved, inter 
alia. From the distribution of concentrations of a particular 
molecule thus obtained, conclusions about the localization of 
this molecule can be drawn. This method also allows for an eva- 
luation of the molecular state in the respective cellular or 
tissular compartments, such as e.g. association with compartmen- 
talized target molecules (e.g. sense/antisense interactions with 
virus nucleic acids) . 

(i) to (iii) are examplified by the human epidermal growth fac- 
tor (EGF) with a cell-bound receptor (EGF receptor) from rats. 
The cells bearing EGF receptors are NBD2 rat bladder cells der- 
ived from a respective tumor tissue. The cells are surface-fixed 
on Petri dishes in PBS buffer (phosphate buffered saline) . They 
had been grown beforehand in standard medium until a confluent 
monolayer had been reached. The medium contained EGF labeled 
with tetramethylrhodamine. For excitation, laser light of 500 nm 
wavelength of an argon laser (0.5 mW) had been chosen. The free 
EGF factor has a rotational diffusion coefficient of r^free = 
0.145 ms. Its concentration was 6 nM. Figure 26a shows the 
autocorrelation fumction of free EGF. 
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After 3 0 minutes of incubation with the cellular monolayer, an 
autocorrelation function according to figure 2 6b is found in the 
case that the measuring volume comprises the region of the outer 
cell membrane (see also figure 5) . 88% of the ligand detected by 
measurement is present in the receptor bound complex with the 
related diffusion time T^compiex = 1^.54 ms. This time is a quan- 
tity relating to the diffusion of the receptor in the cell mem- 
brane. With the diffusion time Tj^^reQ = 0-145 ms, 12% of the lig- 
and are covered. About one EGF receptor is present in one space 
element. The related membrane surface is 0.5 x 10"^ cm^ . After 
3 0 minutes of washing, the autocorrelation function shown in 
figure 2 6c is found from which the following can be seen: about 
0.5 EGF receptors per measuring volume still retain the ligand 
bound with high affinity. 

If the FCS measuring volume lies within the cytosol of a cell 
with a portion which at least predominates, then figure 27 is 
obtained (EGF in the cytosol) . 38% of the internalized EGF is 
hindered in mobility (either through binding to receptors or 
through the influence of a viscous medium) (diffusion time r = 
3.3 ms) , and 62% of the EGF has the same mobility as the free 
factor. 



Figure 2 8a shows the interaction of a DNA oligonucleotide having 
the sequence M13/pUC (-21) primer (5 ' -TGACCGGCAGCAAAATGT-3 ' ) 
with a viral single -strand DNA of bacteriophage M13 which con- 
tains the corresponding complementary sequence. The oligonucleo- 
tide is labeled with Bodipy (Molecular Probes) at the 5'-C^ 
position. The course of the association reaction with time was 
measured according to the invention in solution at 40«C. The 
solution contained 50 nM of oligonucleotide, 50 nM of M13mpl8 
(+) DNA in 10 nM tris buffer, pH 7.5, and 0.18 M sodium chlo- 
ride. The variation of the successive autocorrelation functions 
reveals the kinetics of association. Autocorrelation was deter- 
mined after 0, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 192, and 256 
minutes. The diffusion time of the free primer is 0.17 ms, and 
2.9 ms when complex-bound. Figure 29 shows the course of the 
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association as experimentally revealed as % fraction of the 
primer in the associated complex, A reassociation rate of 0.07 
min"-^ results. 

Figure 2 8b shows the example cf autocorrelation of the labeled 
primer DNA. Figure 2 8c shows the autocorrelation function of a 
mixture of free and M13 DNA boimd primer. 

Cells of a measuring compartment: can be analyzed in situ and in 
an essentially nondestructive way. This is especially relevant 
for pharmacokinetic investigations. 

19 . Kinetic reaction parameters 

The possibility to determine diffusion times in terms of frac- 
tions of seconds allows to analyze the kinetic interaction of 
two molecules with high association constants and to determine 
recombination and dissociation rate constants. This is of spec- 
ial interest for the characterization of the interactions having 
high biological specificity, such as antigen/ antibody, li- 
gand/receptor, and the like interactions. Analysis of particu- 
larly slow processes with constants up to 10"^ s"^ is easily 
possible due to the advantage of self -calibration inherent to 
the method according to the invention (figure 19) . 

20* Detection of single molecules 

The high sensitivity of the measuring method allows for the 
observation of single molecules during their motion through at 
least one detecting laser beam. By using so-called "molecular 
funnels" in the form of special glass pipettes having outlets of 
^ 1 fim, single molecules can be brought by flux into a laser 
beam having a diameter of 1-5 /im. By the action of electric 
fields, Brownian motion is restricted such that each molecule 
will pass through the site of maximum intensity of the laser 
beam. The arrangement of the oprical units with opposing detec- 
tors and immersion optics makes sure very good photon flux as 
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well as accuracy and efficiency of the detection of the lumines- 
cence emitted in all directions of space (figure 6) . For instan- 
ce, the arrangement is useful for the analysis of the sequences 
of single DNA or RNA molecules with the aid of exonucleolytic 
degrading (J.H. Jett et al . , US 4,962,037), but also for the 
detection of single molecules provided with label and charge. 

21, Detection of single molecules by using electric molecular 
traps in stationary or alternating field 

Single ionized molecules can also be held in the obseirvation 
volume element by forced directed translation in an electric 
field. Alternatively, single or repeated translation through the 
volume element can be forced. This is preferably done in an 
arrangement which is shown schematically in figure 6. A flux of 
molecules passes a larger sample volume in the center of which 
the observation volume is located. 3y an electric field which 
may be a stationary or an alternating field, migration of char- 
ged molecules through the observation element can be forced. In 
this way, molecules can be quasi-focused. This "molecular focus- 
ing" is important in the case that only one or a few molecules 
are present: in the total volume element which will have to be 
detected quantitatively. 

To do this, the sample volume is preferably fixed as a micro- 
droplet between the outlets of two microcapillaries as have been 
described by B. Sakmann and E, Neher. The capillaries are vapor- 
coated with a conductive metal layer, preferably gold on chrom- 
ium priming, which is in contact with the aqueous buffer system 
at the outlets of the capillaries. The measuring element is 
located inside the sample droplet wherein the emergence objec- 
tive of the microscope is in direct contact with the droplet or 
the droplet is separated from the objective by a sheet. 

Once a single molecule or molecular complex is detected in the 
measuring element after having left zhe end of the capillary, 
kinetic data can also be obtained. It is not very complicated 
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to technically realize a field or temperature jump in the small 
volume element. If reaction complexes exhibit a Wien effect or 
have a sufficiently high reaction enthalpie, those parameters 
can be used in relaxation methods, e.g. to deteormine reaction 
rate constants . 



The principle of single molecule detection with carrier-free, 
electrically mediated concentration of charged molecules, such 
as nucleic acids, in the measuring volume is of great signifi- 
cance for the analysis of single molecules in highly diluted 
solutions. Two aspects are prominently important therein: the 
active transport according to the invention of one or a few 
molecules from a larger, sample volume of 10-1000 jjil into the 
measuring volume of about 10"^ ^1 means a concentration by a 
factor of 10^° to 10^^ (figures 20, 21), 

One molecule per ml means a concentration of about 10 '^^ M, With 
a concentration as described, this means a final concentration 
Of 10 M in the measuring volume. Thus, as described in the 
section DNA analysis, hybridisation with simultaneously concen- 
trated dye-labeled probes can be performed with fast reaction 
rates , 



This means a notable progress for diagnostics. In this way, 
diagnoses with a sensitivity not realized hitherto can be per- 
formed, particularly while omitting enzyme-based amplification 
procedures and the problems related thereto, such as risk of 
contamination by amplification products. This is of special 
importance in bacteria and virus diagnostics. 

If the viruses or bacteria are present in diluted solutions and 
are not contaminated with a large excess of accompanying nucleic 
acids that are also negatively charged the analysis can take 
place without preliminary separation of contaminating nucleic 
acid. This is the case, for instance, in forensic analyses when 
extremely small amounts of biological material is to be geneti- 
cally analyzed. In clinical analyses, this is the case with cell 
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free supernatant s of body fluids, such as sputum, urine, or 
plasma . 

A large amount of accompanying nucleic acids may interfere with 
the concentrating process and the subsequent hydridization. 
However, the nucleic acid can be preliminarily enriched, e.g. by 
means of specific hybridization methods. To do this, certain 
nucleic acids are extracted from a large volume, e.g. by offer- 
ing a molar excess of solid phase coupled counter- strand probes 
which preferably are not homologous with the probe, and are thus 
separated from contaminating, accompanying nucleic acids. Sub- 
sequently, the nucleic acids are released to concentrate them in 
the measuring volume according to the invention. 

In principle, other molecules can also be concentrated in the 
measuring volume by means of the electric trap according to the 
invention. A specific character of being charged of the target 
molecule is required which is either an intrinsic property of 
the molecules, such as in the case of nucleic acids, or a charge 
established by conditions of the medium, or a charge generated 
by reaction with a particular ligand. 

In a preferred procedure according to the invention, the specif- 
ic dye-labeled probe or the labeled ligand in detection reac- 
tions other than for nucleic acids can be construed such that 
the test molecules are transported into the measuring segment, 
mediated by the electric field, only after the specific complex 
formation has already happened. According to the invention, this 
is achieved by the non-complexed probe being uncharged or even 
bearing opposite charge with respect to the target molecule and 
the complex of receptor-target and ligand to be concentrated in 
the measuring volume . 

Figure 3 0 shows the movement of charged molecules in a dipole 
trap. Variations of concentration and oscillations of negatively 
charged rhodamine labeled dUTP molecules in water in a laser 
illuminated volume element are shown at an oscillating electric 
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field with a field strength of 10 kV/cm and a frequency of 4 Hz • 
The optical axis of observation runs perpendicular to the field 
gradient (see figure 6) . The effect of concentrating the molec- 
ules in the measuring volume becomes evident. This concentration 
effect is cancelled in the moment when the field is switched off 
and the molecules leave the observation volume element by dif- 
fusion. Comparable results can be obtained by means of opposing 
microcapillaries as described in figure 6 . 

Figure 31 shows photon showers of single rhodamine 6G molecules 
in water. By photon shower is meant the sum of the detected 
photons received while the molecule is present within the 
Gaussian measuring volume. Thus, the possibility of reliable 
detection of single molecules with a single chromophor has been 
proven. Figure 31a: 2.5 x 10"^^ M; figure 31b: 4 x 10"^^ M. The 
channel time was 4 x 10'^ sec in each case = diffusion time; 
Gaussian measuring volume 0.24 fl. 

22. PNA (protein- like nucleic acid) 

Particularly suitable molecules according to the invention are 
those whose behavior of binding to nucleic acids is an especial- 
ly tight one because they are uncharged or even contribute to 
electrostatic stabilization of a complex through a charge oppos- 
ite to that of the phosphate backbone. Molecules capable of hyb- 
ridizing must not necessarily have the chemical character of a 
nucleic acid. So-called PNA molecules have been described which 
can be used according to the invention to particular advantage. 

In the case of a relatively long- chained nucleic acid target 
this can be achieved by the excess negative charge of the target 
molecule determining the electric charge and the electrophoretic 
separation behavior and e.g. overcompensating the opposite 
charge of a probe molecule. In this way it can be achieved that 
the complexed target molecules are selectively concentrated in 
the measuring segment after completion of the hybridization 
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whereas the excess of labeled probe molecules is eliminated from 
the measuring segment . 

For instance, the method according to the invention also allows 
for direct detection of single virus particles in a volume of 
about 100 fil - 10 ml (corresponding to lO'^^-lO"^^ M) of serum 
fluid without enzyme-based nucleic acid amplification proce- 
dures • 

For the nucleic acid based positive detection in serum samples 
serving as an example herein, the following requirements must 
preferably be met : 

The mentioned amount of serum fluid must contain at least 
one virion with nucleic acid (DNA or RNA) accessible for 
hybridization. 

The solution must contain a highly specific nucleic acid 
probe according to the invention as a test reagent with 
fluorescence labeling. The length of the probe must be 
chosen such that high specificity with respect to the 
target sequence is ensured because RNA molecules might 
possibly occur in the serum in high molar excess. 

When choosing the length of the probe, the stability of its 
binding to the complementary RNA or DNA must be considered. 
The dissociation rate ought to be below 10"^ sec'^, if 
possible. This means that the hybrid will remain stable for 
about one day even after the free probe molecules have been 
removed, i.e. when the equilibrium at a presumed concentra- 
tion of 10~2° M lies entirely on the side of the dissociat- 
ed molecules. According to the invention, this happens when 
the free probes are diluted by electrophoresis later, pref- 
erably to 10"^° M. 

When hybridizing, the probe must be present in so high a 
concentration that association and hybridization take place 
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within seconds to minutes. According to the invention, low 
concentrations can be used if the substances discussed 
below are added to the hybridizacion medium to accelerate 
association. 

The probe is chemically linked to at least one, preferably 
more fluorescent dyes according to the invention. The 
electrophoretic mobility of the free probe should be 
different from that of the complexed probe. This can be 
achieved simply by making use of size differences or 
differences in conformation or, according to the invention, 
by using probe derivatives with a modified, neutral or 
positive, charge character. 

The analysis according to the invention takes place in the 
device claimed according to the invention combined with a 
specialized electrophoretic unit described in a preferred 
embodiment . 

It consists of an electrophoresis cell with capillary outlet 
(diameter about 10"^ mm) and is combined with the single 
molecule fluorescence device (FCS) according to the invention. 

Figure 12 schematically describes a preferred embodiment of 
electrophoresis cell, it contains (1) at least one opening for 
the addition/collection of the sample to be analyzed and/or a 
washing solution; (2) wall electrode; (3) ring electrode; (4) 
Neher capillary; (5) golded tip as an electrode; (6) droplet 
outlet; (7) laser beam. 

The electrophoresis cell is filled with the measuring sample to 
which a primer solution is added as accurately dosed as possi- 
ble. Between the wall and ring electrodes, a voltage is applied 
e.g. over a time switch resulting in a concentration of probe 
and hybrid in the ring electrode within minutes. Thereafter, 
high voltage is preferably applied - again over a time switch 
between wall electrode and capillary tip. The length of the 
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capillary should be such that from this point separation of free 
probe and hybrid will nake place due to electrophoresis as prop- 
erly as possible. The free probe should appear at the outlet of 
the electrode within a period which is clearly different from 
the period after which the measuring impulse of the hybrid comes 
in so that at this time the concentration of unbound primer is 
sufficiently diluted. Preferably, the solution comes out as a 
droplet so that no back diffusion can take place. Both time 
spans: T^, after which the impulse of the free probe will ap- 
pear, and T^r after which the impulse of the hybrid will appear, 
are fixed, if possible. The hybrid will appear in a microdroplet 
at a given time and can even be detected in terms of single mol- 
ecule fluorescence. Optical measurement can also take place 
before the exit from che capillary. 

Detection of single molecules is difficult if the disturbing 
signals from the free probe are too strong. Single molecules per 
ml means 10'^^ to 10"^^ M. Because of the reaction times, how- 
ever, probe concentration for association must be about 10"-^° M. 
In this case, the combination with electrophoresis according to 
the invention allows for a very much sharper separation than 
with the described difference measurement of an unseparated mix- 
ture . In addition, the hybrid which is possibly formed appears 
within a volume, whose order of magnitude is s 10"^^ 1, at a 
time which can be accurately calculated, and thus it is well 
detectable for the method according to the invention. By selec- 
ting appropriate fluorescence labels, fluorescence can be made 
optimal. 

23 . Device for preparative selection of desired labeled complex- 
es in terms of a single molecule sorting method with or witliout 
combination with, a molecular trap 

In case a molecule, molecular complex, virus, or cell has been 
recognized by PCS as a desired target molecule, the possibility 
exists for direct preparative enrichment. This assumes that by 
electrophoretic migration the respective molecule is present at 
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a defined place at a defined time shortly after measurement and 
can be electrophoretically separated there. 

Measurement of mobilities in an electric field, riinning time 
measurements in capillary electrophoresis, running time correla- 
tion, sequencing 

Through measurement of the mobilities of molecules or molecular 
complexes in an electric field, e.g. using methods of capillary 
electrophoresis, information about the nature of the molecules 
can be obtained. Thus, amino acids of a protein or peptide as 
products of Edman degradation, for example, with fluorescent 
label can be determined through this electrophoretic mobility. 
In recent years, sequence analysis of peptides and proteins has 
become increasingly important. It has been a critical break- 
through to use analytical amounts of a protein in gas phase 
analyzers as commercially available by now. In this way, the 
proteins from single spots of two-dimensional gels (O'Farrell 
gels) can be sequenced. 

The efficiency of this method could be significantly enhanced 
further if the sensitivity of analytical determination of the 
degradation products in a siibsequent capillary electrophoretic 
evaluation could be increased. Compared with conventional detec- 
tion methods, peak determination by FCS in combination with run- 
ning time determination (running time correlation) allows for 
surprisingly high sensitivity. Thus, analytical amounts of pep- 
tides and proteins which can be obtained by capillary electro- 
phoretic methods are sufficient for sequence determination. As 
the initial amount, a single cell may be enough to be able to 
perform sequence analysis for a protein contained therein. On 
the other hand, the sensitivity of the method allows for the 
structure of a substantially longer sequence of 2D gel electro- 
phoretically separated proteins, peptides or cleavage products 
to be determined. 
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An enzyme-based amplification reaction such as PGR cannot reach 
such sensitivities without considerable additional steps. The 
known problems with enzyme-based amplification relating to 
contaminations with highly amplified products do not occur in 
the method according to the invention. 

The method according to the invention in combination with elec- 
trophoresis is not limited to application for nucleic acids. 
Proteins and protein complexes or low-molecular chemical ligands 
can also be provided with charge carriers that allow for analys- 
is according to the invention. For instance, negatively or pos- 
itively charged oligopeptides can be coupled to antibodies pre- 
pared by recombinant techniques in order to s;ibject them to 
electrophoresis under non-denaturing conditions. Thus, even 
lower virus titers can be detected, for instance when antigen 
analyses of surface proteins are performed which occur in large 
numbers per virion or are even secreted isolatedly into the 
serum. 



A variation of the electric trap to detect single molecules is 
the incorporation of a quadrupole instead of a dipole . By apply- 
ing an alternating field in the plane of the quadrupole, a char- 
ged molecule can be prevented, at appropriate field strengths, 
from thermally diffusing out of the quadrupole region. If two 
additional electrodes are arranged, according to the invention, 
above and beneath the quadrupole (sextupole) , then charged mol- 
ecules will drift, after an appropriate voltage has been applied 
between the outer sextupole electrodes and the average potential 
of the quadrupole, into the alternating field of the quadrupole 
and be concentrated there. 

The sextupole electrodes can be formed by metal coated glass 
surfaces of two microscope objectives. If a single molecule is 
present in the volume of the sextupole of about 40 ^1, then this 
corresponds to a concentration of 4 x IQ-^o m. With a voltage of 
100 V between the sextupole electrodes and the quadrupole plane 
(distance about 1 mm) , a nucleic acid molecule will drift into 



the quadrupole plane within about one second. The molecule now 
held within the quadrupole plane is present in a volume element 
of about 6 fl corresponding to a concentration of about 2.5 x 
10"^° M and an increase in concentration by a factor of 6.4 x 
10^. Its presence is proven by determining the number of molec- 
ules (N = 1) and the diffusion time which is characteristic for 
this molecule. 

The voltages and voltage differences actually employed in the 
quadrupole and/or sextupole depend on the ionic strengths of the 
analyte solution. 

When a position- sensitive detector is used (avalanche photodiode 
detector) , whose different elements represent different space 
portions or quadrupole planes, the electric field gradients can 
be arranged, through a feedback arrangement between detector 
elements and the poles (electrodes) of the quadrupole, such that 
the molecule is always held at a fixed position within the quad- 
rupole. This position is defined by the respective detector 
element . 

24 • Electric trap 

For convenience, the "electric trap" mentioned above is realized 
by arranging the measuring compartment with essentially equal 
distance between two positively (negatively) charged poles 
(electrodes) lying on a common axis which goes through the meas- 
uring compartment . In the plane perpendicular to this axis there 
are at least two and preferably four electrodes between which an 
alternating electric field is formed. The electrodes are arran- 
ged in such a way that they or pairs of them are facing each 
other. To these electrodes a rotating alternating electric field 
is applied in which the positively (negatively) charged mole- 
cules are located. Due to . the electric charge of the two elec- 
tric poles perpendicular to the alternating field, the molecules 
are restrained from movement out of this alternating field. When 
the double microscope is used which has been mentioned above and 



will be described in more detail later, the electric poles are 
preferably the supports of the two opposing objective lenses in 
the common focus of which the measuring compartment is arranged. 

When the elctric trap is used in routine analyses, it is impor- 
tant that a target molecular complex get from a relatively large 
sample volume (10-100 ^1) into the very small measuring volume 
for observation. To achieve this, the charged target molecule is 
brought, for convenience and according to the invention, over a 
large potential gradient into a volume element with zero poten- 
tial out of which or inside which it can be controlled by multi- 
polar fields, e.g. quadrupolar fields, e.g. for fixation in 
and/or controlled motion through measuring volumes. Preferably, 
this is done in a capillary with a length of several millimeters 
or centimeters (figures 20, 21) which will receive the sample 
and at one end of which a voltage of e.g. +100 (or -100) V is 
applied and the other end of which lies at a potential of 0 V. 
The electrode lying at 0 V has a pinhole behind which there is 
e.g. a quadrupolar alternating field on a low voltage level (see 
figure 20) . According to their electrophoretic mobility /i = ca. 
10"^ to 10"^ cm^/Vs, target molecules quickly migrate into the 
pinhole and then move on into the geometrically adjacent quad- 
rupolar field. The capillary is made of e.g. glass or quartz, if 
xt is desired to superimpose electroosmotic effects on electric 
migration as is done in capillary electrophoresis. Alternative- 
ly, capillaries made of e.g. Teflon with uncharged surfaces can 
be used in which case electroosmotic effects can substantially 
be excluded. 



25. Fitness determination of variant spectra in large sample 
collectives • 

Within the scope of evolutionairy screening assays, the method 
according to the invention is useful for the determination of 
the binding of ligands to molecules (proteins, peptides, nucleic 
acids, antibodies) which are to be selected. The extreme meas- 
uring sensitivity achieved by the method allows, in particular. 
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for analysis of highly specific interactions, which are e.g. of 
particular physiological or biochemical interest. The interac- 
tion is measured through binding of a ligand or labeled ligand 
or through competition of the unlabeled ligand with a labeled 
inhibiror. Thus, fitness determinations of variant spectra can 
be performed primarily in large sample collectives. 

Fitness parameters may be: 

affinity parameters 

kinetic parameters 

enzymatic parameters 
under particular medium conditions of the test. 

26. Sample carrier systems for genotype/phenotype couplings 

m the analysis according to the invention and in the evaluation 
of large sample collectives of phenotypic variants it is crit- 
ical that the corresponding genotype, e.g. the encoding plasmid 
or the encoding mRNA, can siibsequently be singled out to con- 
tinue the evolutionary process. This problem is by no means a 
trivial one. The process will be the more successful, the more 
selectively this singling out is done, that is the more precise- 
ly the corresponding genotype can be isolated without contami- 
nating it with sequences coding for useless phenotypes . 

27. Test cells 

With medium sample numbers (< 10,000) volume elements can be 
employed which are arranged in fixed spatial separation and are 
referred to as test cells hereinbelow. These can be parts of a 
sheet system comparable to those described for PCT/EP 89/01320, 
PCT/EP 89/01387, PCT/DE 91/00082, PCT/DE 91/00081, PCT/DE 
91/00083, PCT/DE 91/00704, wherein individual volume elements 
contain samples in sealed sheet elements. From the sealed ele- 
ments, phenotypes which have once been identified can be isol- 
ated along with their encoding genes or mRNA transcripts by 
direct mechanical access. 
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2 8 . Microcompartmentalization 

The method, according to the invention, of optical measuring and 
evaluation of variants in ultrasmall sample volumes also allows 
for very small total sample volumes in form of a microcompart- 
mentalization which cannot, however, be handled in a trivial 
way. This is true for both individual filling and selective 
emptying of the compartments to prepare a genotype identified as 
being positive. 

Microcompartments can be built up from regular and irregular 
porous carriers, such as capillary elements arranged in the 
parallel as described in the patent application DE 42 37 383.1, 
or flat carriers made of porous materials such as glass with 
controlled pores or capillaries whose volume elements are 
separated one-dimensionally within the capillary but of which 
pairs are in direct contact. 

A particularly preferred form of microcompartmentalization is 
depicted in figure 4. Under an optically transparent flat 
carrier, the volume elements present in a sample to be analyzed 
in the form of recombinant or natural cells or artificially 
vesicular elements with their respective phenotypes and geno- 
types are applied. In another embodiment, volume elements are 
established only during application to the carrier or thereaf- 
ter. Gel or vesicle forming polymers, especially polymers based 
on thermoreversible structures, such as caprolactam derivative 
polymers, are especially preferred. 

Application can be performed first from a homogeneous solution 
with subsequent segregation of the polymers to foirm separate 
aqueous volume elements, or through application of microdisperse 
droplets by means of a piezo-controlled microdispenser . 

In the way described, the contents of cells can also be ana- 
lyzed. For example, cells can be enclosed in the described ves- 
icular structures and later lysed at higher temperatures. In 
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this case, at least partial mixing of the solution enclosed in 
the vesicles and containing reactive molecules or molecular com- 
plexes with the contents of the lysed cell will occur. Reactive 
molecules can be e.g. nucleic acid probes, enzymes or proteins 
which will undergo specific interactions or reactions, which can 
be detected and quantified by the FCS method according to the 
invention, with cellular components. This technique is analogous 
with in situ hybridizations or cell specific protein staining. 

Carriers for simultaneous fixing of nucleic acids and the pheno- 
typic molecular structures to be analyzed, such as those des- 
cribed in the application of K. Henco et al . , DE 42 37 381.6, 
are also useful as a preferred reaction carrier to achieve 
genotype/phenotype coupling. 

Of course, carriers such as those employed by S. Fodor et al. 
within the scope of the so-called AFFYMAX technology in which 
the genotype is defined by its x/y position on the carrier can 
also be used. 



29 • Photomarking of selected phenotypes 

One preferred possibility of adressing and marking of variants 
selected according to the invention within their respective 
volume elements is photooptical marking of their position by 
using the described analytical optics (figure 7) . This may be 
done by reflecting in light of a wavelength by which a photoac- 
tivatable coating on the surface of the carrier can be excited 
to produce, e.g. by selective discoloring, a reaction product 
which is easily recognized. The light signal is activated if 
correlation analysis indicates a given predefined valence of the 
respective volume element analyzed. 

A conventional photoreactive coating can be employed therein. An 
additional light source, preferably also a laser light source, 
may be used, or the laser employed for analysis may be used. 
Discrimination between measurement and marking of the position 
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by photoactivation can be achieved e.g. by using a frequency 
doubler for the marking reaction. The x/y positions of desired 
elements can also be collected by electronic data storage. 

After marking of the positions on a carrier, the desired nucleic 
acid can be obtained from the corresponding volume element, for 
example, by mechanical access. 

30. Photoactivation of selected phenotypes and genotypes 

Instead of marking the selected volume element, marking of the 
corresponding genotype itself according to figure 7 has proven 
to be particularly useful according to the invention. 

According to the invention, several alternatives are preferred: 

(1) photoactivated attachment of the nucleic acids to surface 
structures of the volume element. 



(2) 



photochemical activation of nucleic acid specific ligands. 



(3) photochemical inactivation of nucleic acids in all volume 
elements except the positively selected ones. 

Within the meaning of alternative (l) , psoralen derivatives can 
be employed, for instance, which chemically link nucleic acid 
counter- strands to one another, as double strand intercalating 
reagents, under 360 nm light exposure. Such ligands can be 
chemically linked, for instance, with the carrier surface 
(figure 8) . 

In this way, a sufficient number of phenotype encoding plasmid 
copies can be attached to the positively selected surface 
segments during the screening. Subsequently, all nucleic acids 
that have not been fixed can be washed off. Then, the selected 
nucleic acids can be subjected to an enzyme-based amplification 
reaction directly on the surface. 
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Altezmatively, the nucleic acids can be recovered by making use 
of the reversability of psoralen linking. This may be done, for 
instance, by light of 260 nm wavelength. According to alterna- 
tive (2) , the nucleic acid binding ligands can also be linked to 
other molecular elements which allow for ready subsequent purif- 
ication and separation of undesired nucleic acid structures. 
This may be exemplified by: coupling of DNA or RNA recognizing 
ligands, particularly photoactivatable psoralen derivatives or 
intercalating dyes, coupled to affinity ligands, especially 
biotin, avidin, streptavidin, immunoglobulin, oligopeptides, or 
oligonucleotides . 



According to figure 8, after light-induced chemical linking of 
those compounds with DNA or RNA from the positively selected 
volume elements it becomes possible to purify DNA and/or RNA 
from all volume elements together and simultaneously separate 
them from the nucleic acids which have not met the selection 
criteria. Separation can preferably take place by hydrophobic 
chromatography, affinity chromatography, or by using magnetic 
particles, wherein the surfaces have appropriate properties of 
binding to the ligand of the adaptor molecule. Preferred exam- 
ples of such specific coupling are: oligo-dT/oligo-dA, avidin- 
streptavidin/biotin, NTA-IDA/ (His) ^ and similar known complex 
forming agents . 

In the subsequent step, the purified nucleic acids thus pooled 
can either be directly subjected to an enzyme-based amplifica- 
tion reaction or to cDNA synthesis, or can first be decoupled 
from the ligand by reversion of the photochemically induced 
linking. 

In the sense of the invention, one could also think of selec- 
tively inactivating the nucleic acids which do not meet the 
selection criteria of the analysis [alternative (3)]. This can 
also be done with cross-linking substances such as psoralens, 
wherein cross-linking will occur in such a way that the struc- 
tures thus cross-linked are no longer capable to be amplified in 
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successive enzymatic reactions. However, one drawback of this 
method is that inactivation must be accomplished quite complete- 
ly because otherwise the enrichment factor for the positively 
selected volume units is adversely affected. In the methods of 
alternatives (1,2), the yield of enrichment is not of prevalent 
importance. By means of enzyme-based amplification methods, very 
low numbers of copies can also be enriched to be covered accor- 
ding to the invention. However, for most of applications it is 
advantageous if as large as possible a fraction of the nucleic 
acids from a positively selected volume element can be preparat- 
ively covered. This can be achieved e.g. by means of optics 
illuminating a larger volume element than the volume element 
considered in the analysis. 

31. Fraction analysis /flow injection analysis /GC/MS coupling 

Flow injection analysis with coupling to analytical /preparative 
separation methods is of particular importance in coupling 
methods according to the invention to methods of unsharp chem- 
ical or biochemical reactions to find active substances or op- 
timize (DE 43 22 147 and W092/18645) chemically or enzymatically 
generated quasi - species . 

As has been set forth above, the present method is particularly 
useful for the analysis and evaluation of molecular collectives 
which are complex in terms of number and have been preliminarily 
generated in an evolutionary process. Functional analysis of 
complex systems with molecular diversity, however, is also of 
considerable significance in cases apart from that. Diversity 
does not only emerge due to evolutive systems in terms of 
replicative mechanisms just as compartrientalization of subpopul- 
ations does not only occur in cellular or vesicular structures. 

In synthetic chemistry, very complex systems of different molec- 
ule types are produced deliberately or unintentionally wherein 
a given kind of complexity can also be selectively generated. 
Microorganisms or plants synthesize a variety of secondary meta- 
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bolites from which a great number of pharmacologically active 
structures have already been derived. With chromatographic 
methods, such as HPLC, FPLC, gas chromatography etc., such com- 
pounds can be efficiently separated and isolated, as is well 
known . 

The method according to the invention does not only make acces- 
sible parallel analysis of mutants/variants from so-called re- 
plicative systems, such as nucleic acids or proteins, but also 
those from chemically or metabolically complex mixtures. Conven- 
tionally, to date the procedure was to first purify complex 
mixtures preparatively in individual fractions, to analyze them 
chemically and/or reveal their structures and, if possible, to 
*make them enter biological assays individually in the form of 
pure substances . 

Now, with the method according to the invention, preparative use 
of the fractions or individual materials, which are present only 
in analytically small amounts at first, e.g. for pharmacologic 
assays can be achieved • In a preferred embodiment of the method 
according to the invention, the obtained fractions are directly 
linked to an FCS assay. Producing individual substances before 
they positively respond to the respective problem in FCS assays 
is omitted. Blind screening for active substances as presently 
performed can be replaced by the possibility to selectively 
investigate fractions containing active siibstances. 

Analysis of functional compounds in complex mixtures of materi- 
als is an ambitious task of pharmaceutic chemistry. Primarily, 
the complex mixtures of natural substances from microorganisms 
and plants already mentioned are known. Japanese institutions 
and companies have achieved a lead in screening natural substan- 
ces with respect to the other nations which is difficult to be 
caught up on by persistently, since the first antibiotics had 
been introduced, establishing extended banks of purified sub- 
stances with revealed structures which can be introduced into a 
screening in each new assay. This is much simpler than cultivat- 
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ing organisms each time anew, especially since the risk of 
repeated detecting, meaning double developments of active struc- 
tures which are known per se, is avoided in this way. 

Due to its advantageous properties, the method according to the 
invention can renounce on this proceeding and nevertheless 
allows for analysis of very extended and complex mixtures, since 
individual molecules are covered virtually as pure substances. 
One should remember that a single microorganism can synthesize 
more than one thousand complicatedly structured secondary meta- 
bolites some of which can only be present in small amounts and 
cannot be identified by their functions in an analysis of the 
entire mixture of an extract. According to the invention, mix- 
tures of substances from a microorganism or a mixture of several 
microorganisms or plant extracts can be separated first e.g. by 
chromatography to test the individual fractions for the presence 
of functional compounds preferably "on-line" in a capillary at 
the end of a separation matrix (see figure 9) . 

The schematic figure 9 is explained hereinafter. According to 
the invention, complex mixtures of substances can be analyzed 
through coupling with a chromatographic separation. After chrom- 
atographic separation, a labeled reference molecule is added to 
the fractions continuously and at a fixed concentration, to 
which the specifically binding target molecule is also added at 
a fixed concentration. As described in figure 1, the respective 
concentrations are preferably chosen such that about 50% of the 
molecules involved form a complex, so possible interfering sub- 
stances from the separated mixture can be detected with maximum 
sensitivity. 

Thereafter, the combined samples pass the detection unit through 
a capillary flow tube. The fractions are analyzed for specifi- 
cally shifting the considered binding equilibrium. 

Synthetically produced mixtures such as, for instance, mixtures 
of diverse substituted or unsubstituted alkyl residues in 
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alkylation reactions, when ccir.plex synthon mixtures are used, 
can also be analytically covered as described above. It is no 
longer necessary then to separate the compound formed from its 
reaction mixture and to characterize it after each reaction 
step . 

In a preferred embodiment (figure 3) , aliquot s of the substance 
to be analyzed for interference are first added to the individu- 
al fractions before the mixture is contacted with a solution 
containing the receptor, in order that possible competition 
reactions can be measured. Alternatively, if a receptor is al- 
ready occupied, a slow dissocianion rate constant could compli- 
cate detection of a displacement reaction. Receptor displace- 
ments reactions which are slow allow for the measurement of the 

change with time, i.e. of k^^^ . 

diss 

32. Screening of complex mixtures for biofunctional interaction 
properties with concomitant rough evaluation of parameters for 
physical interaction with target molecules 

If a mixture of different subsuances is to be analyzed, accord- 
ing to uhe invention, for properties of interaction with target 
molecules, e.g. in LC/FCS coupling, upper or lower limits for 
binding constants allowing for corresponding quality evaluation 
of respective guide structures can be directly estimated. This 
shall be illustrated by the following example: 

10 ^g of a mixture of substances is applied onto a LC separation 
device containing 1000 substances in which the individual sought 
substance is contained only in an amount of 0,1%. This corre- 
sponds to an absolute amount of 1 ng. After separation of the 
fractions, this amount of substance is present in a volume of 
5 /xl. With an assumed average n:olecular weight of 200 Daltons, 
this means a concentration of 10"^ M. If the target molecule, 
e.g. a receptor, is added at a comparable concentration, then 
complex formation can be accomplished within a given period of 
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time only if the reaction rate exceeds a given maximum value and 
the binding constant is > 10^. 

The detection reaction can be coupled to a parallel HPLC/MS or 
GC/MS analysis in order to directly obtain stiructural data for 
the compounds identified as being active. 

The small expenditure of substances of the analytical method 
according to the invention also allows for the use of the 
analytical method according to the invention in competition with 
different alternative methods of biosensor technology which can 
suffer from problems of signal drifting when used in on-line 
analyses. Instead of the chromatographic unit described above, 
a sample dispenser may be used. 

DNA/RNA probe assays 

When the potential detection sensitivity of the technique accor- 
ding to the invention is fully utilized, a specific problem 
arises in DNA or RNA probe technique. On a molecular level, the 
detection reaction according to the invention requires the 
formation of double-helical structures made of single strand 
structures which are at least partially complementary to each 
other, wherein the single strands involved may consist of DNA or 
RNA or mixtures of DNA and RNA fundamental structures which may 
bear chemical modifications, wherein said modifications in par- 
ticular may pertain to the base structure, especially those 
which alter the luminophorous properties of the bases and/or 
those bearing s\xbstituents which have properties of specific 
binding to specific molecules or molecular complexes and/or are 
luminescent substituents . 

The formation of double -helical structures, however, is a 
relatively slow reaction (hybridization, cot kinetics) . In 
experimental practice, this means, for instance, that reassocia- 
tion of genomic DNA from cells is a process which will last for 
weeks and months, depending on the experimental conditions, so 
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that the experiment cannot actually be carried out completely. 
Only repetitive genomic segments, which may occur e.g. in a 
number of > 100,000 per eukaryotic genome, can be rehybridized 
(Davidson & Wetmur) . 

An approximative formula which can veary well be used in practice 
describes the reassociation of a denatured double strand 
fragment : 

^1/2 = N X In 2 / (3.5 X 10^ x L x Cq) 

^1/2 yields the half life of the reassociation in seconds at an 
ionic strength of 1 M at T = -20. L is the length of the 
probe fragment, N is the length of unit sequence, Cq is the mol- 
ar concentration of nucleotides, and 3.5 x 10^ is an approximat- 
ive value for the intrinsic rate constant of the association. 

Since the reaction rate depends on the sum of the concentrations 
of the two reactants (+ and - strands) , there are two possibili- 
ties in general to accelerate the reaction of reassociation. 
Since the excess component determines the rate, in conventional 
blot assay the probe is usually used in excess to subsequently 
separate the excess probe in washing steps. With the introduc- 
tion of enzyme-based amplification reactions, such as PGR 
(polymerase chain reaction) , it is also possible to amplify the 
target nucleic acid to be detected to such an extent that it 
will determine the reaction rate. However, if amplification 
reactions are intended to be dispensed with in the method 
according to the invention, or the detection is to be performed 
without troublesome separation of the probe component in a one- 
pot procedure, one or more process steps and procedures may be 
combined according to the invention. 

The sensitivity of the detection of viral or bacterial pathogens 
in the gas phase (air germs) or in solutions or suspensions in 
small sample volumes, as are sufficient for the detection accor- 
ding to the invention, can be increased by using simple fil- 
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tration steps. They can be extracted from large volumes through 
filters or filter systems and incorporated in small sample 
volumes. An alternative is concentration e.g. through coated 
magnetic particles. 

For DNA/RNA analysis, probes with intercalating substituents can 
be employed. The use of those chromophorous ligands is especial- 
ly preferred, whose fluorescence behavior changes or is enhanced 
during intercalation. Especially useful are substituents of the 
thiazole orange class. In the intercalated state, their fluores- 
cence efficiency is about 1000 times larger than in the free 
state. Thus, it is possible to measure a specific complex for- 
mation through intercalation at a thousand- fold excess of non- 
dye- intercalating probe. 

By using oligomeric or multimeric dyes linked to a probe, the 
sensitivity can be further enhanced by a factor of 10 to 100, 
since less individual events must be detected to produce the 
required signal. 

Excess concentration of a double strand analyte is not necessar- 
ily desirable to accelerare the reaction. Thus, an undesirable 
displacement: of already associated probe from the complex may 
result if a counter- strand of the analyte present in excess 
hybridizes with the complex further up or down. 

According to the invention, this problem is solved by taking 
care that the excess of analyte be present only in the form of 
a polarity without a counter- strand, such as generated, for 
instance, by unsymmetrical priming in a PGR reaction, or by run- 
off production of specific RNA sequences by means of RNA poly- 
merases as naturally occurring in cells or being generated in 
homogeneous amplification reactions such as 3SR. 

The displacement reaction can also be prevented by intercalating 
substituents thermodynamically stabilizing the complexes (e.g. 
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acridine dyes) or by initiating irreversible cross -linking 
(psoralen derivatives) (see patent application P 42 34 086.1). 

If the use of a labeled probe in the range of 10"^^ M is pos- 
sible through optimization of the above discussed parameters 
according to the invention and hence an analyte (counter-strand) 
in the range of 10"^^ is still detectable, then the reaction 
kinetics of reassociation (complex formation) becomes unaccept- 
ably slow. Using the approximative formula mentioned above, it 
can easily be calculated that a fragment of the length and unit 
length of 200 nucleotides would take about 23,000 minutes (16 
days) ro reassociate if 10 half lives should be waited out 
before che optical measurement by the method according to the 
invention. 

By using a combination of organic solvents based on phenol and 
chaotrcpic salts such as thiocyanates or perchlorates , the 
reaction kinetics can be accelerated to about 100,000-fold 
(Kunkel et al . ) , Those methods have not proven successful in 
practice in filter assays. They can be combined, however, with 
the merhod according to the invention which is preferably 
performed in solution. In this way, not only the reaction rate 
of the example mentioned above is shifted into the range of 
seconds, but the solution at the same time prevents degradation 
processes by the action of e.g. ribonucleases on RNA analytes . 

The method also allows for the differential detection of large 
vesicle complexes as are necessary for a differential diagnosis 
in lipid metabolism if distinction between different transport 
vesicles LDL, VLDL, and HDL is sought. Therefor, relatively 
complex electrophoretic methods must be employed to date the 
quantification of which is not easy. Dye-labeled vesicles can be 
distinguished according to the invention by mobility and/or 
rotational diffusion measurements. The vesicles may be stained 
with fluorescence labeled specific antibodies. Alternatively, 
fluorophorous label molecules can be specifically and permanent- 
ly incorporated in the vesicle structures. 
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Ftinctional assays of in vitro translation products 

The use of the screening technology according to the invention 
is of particular importance for the analysis of replicative 
molecules in the form of proteins or peptides in combination 
with in vitro protein biosynthesis. In vitro protein biosynthe- 
sis avoids recombinant cellular systems. However, the effectiv- 
ity of in vitro protein biosynthesis is so small that detection 
of the function of the synthesis product is not possible without 
expenditure. In average, no more than one peptide or protein 
molecule is produced from an mRNA molecule. The result can be 
even worse. The sensitivity of the method according to the 
invention, however, allows for detenrtination of function since 
mRNAs must be used in the synthesis mixture only in the /xM 
concentration range and below and a small sample volume is 
sufficient for the analysis. 

Determination of molecular size distributions 

In the analysis of polymeric chemistiY/ it is important to 
determine polymer distributions. This can be achieved in a 
simple way by using the method according to the invention which 
hence represents an alternative to ultracentrif ugation methods 
and physical flow methods. Herein, the inherent fluorescence of 
an oligomer or polymer may be used or association or coupling of 
luminophorous ligands can be observed. 

In situ hybridization is a method in which the specific double 
strand formation between a labeled nucleic acid probe and a 
complementary target nucleic acid is performed in a geometrical- 
ly fixed arrangement of the object to be analyzed. The object to 
be analyzed can be a surface fixed preparation of molecules or 
molecular complexes. Examples include preparations of chromo- 
somes, transcription complexes, or translation complexes. In 
routine analysis, surface fixed tissue slices or cells from cell 
cultures are often important. 
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Dynamic laser correlation spectroscopy 

Due to its sensitivity, the method according to the invention 
allows for the localization even of single hybridized or, in the 
case of ligands other than nucleic acids, complexed ligands 
which are coupled to a fluorescence label. The advantage of the 
method according to the invention is based on the high sensitiv- 
ity of the detection of single molecules. This allows for direct 
analyses where otherwise the use of an enzyme-based amplifica- 
tion reaction would be necessary or high local concentration of 
target molecules would be required, such as in the case of poly- 
tene chromosomes. The use of double or multiple labeling in the 
method according 1:0 the invention whereby the relative position 
of interesting structures can be determined is also claimed. 

The method according to the invention with confocal imaging of 
smallest volume elements by using a pinhole aperture for the 
analysis of dynamic processes can be used, according to the 
invention, in combination with the corresponding method used in 
a laser scanning microscope in order to obtain a high spatial 
resolution of structures. Whereas with the laser scanning 
microscope fluorescence intensity alone is used as a measuring 
quantity, the "laser correlation microscope" according to the 
invention employs the correlation function and the dynamic 
contents thereof in the measuring element defined by the space 
coordinates (x,y,z) which is imaged two- or three -dimensionally 
(figure 10) , In this way, two-dimensional (cross section) or 
three-dimensional images of the dynamics of a labeled molecule 
(rotational, translational diffusion, chemical kinetics) e.g. in 
a cell or in another biological object can be depicted. 

The schematic figure 10 is explained hereinafter. The organiza- 
tion in principle of the optics according to the invention is 
depicted. The sample is contained in a sample holder which can 
be shifted within a given defined screen by a two- or three-dim- 
ensionally controllable piezo drive. The respective related vol- 
ume elements are analyzed for dynamic processes and as a whole 
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assembled into a two-dimensional (cross section) or three-dimen- 
sional image by a computer. 

33. Determination of epidemiologically conserved gene segments 

Through determination of the dissociation rates of hybrid double 
strands, homology estimations can be performed in analogy to the 
determinations of dissociation rate constants described above. 
This is of great importance in epidemiological analysis of di- 
verging pathogens as in the HI virus. To develop diagnostic 
probes and to evaluate their reliability, several gene segments 
of different origin must be examined for those parameters (see 
figure 22) . 

Method for simultaneous testing of a plurality of mutations on 
a target genome 

In the analysis of genetic diseases, the problem frequently 
arises to assay for the presence of a great number of possible 
mutations simultaneously. This is the case especially with dom- 
inant genetic diseases or X chromosome encoded diseases. With 
recessive diseases, it is often important to evaluate whether a 
particular point mutation occurs only on one allele or on both 
alleles simultaneously (see cystic fibrosis with more than 3 0 
mutations described to date) . The procedure according to the 
invention allows for simultaneous analysis for different 
mutations in one sample (figure 23) . 

Detection of single bacteria through the binding specificities 
of surface- expressing bacteria 

For a great number of important applications of modern biotech- 
nological research, it would be extremely advantageous and 
efficient, if in a method detection of a single bacterium or 
virus with functional surface proteins could take place instead 
of the detection of a functional biomolecule in a given sample 
volume. The critical advantage lies in the coupling, which is 
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often very interesting, of a phenotypical expression product, 
e.g. a natural or recombinant surface protein, to its genetic 
template . 

The genome of microorganisms comprises about lo"^ nucleotides. By 
shotgun expression, subgenic fragments of an average length of 
100 amino acids can be expressed by methods known per se . Con- 
sidering the variation of reading frame (factor 3) and an assum- 
ed non-coding complementary strand, 10® recombinant bacterial 
clones contain each segment about 100-fold. 10® recombinant bac- 
terial clones which are contained in 1 ml of a suspension of lOD 
can be examined individually for e.g. their properties of bin- 
ding to IgE from an allergically responding patient by the 
method according to the invention in about 24 hours. The bacte- 
ria correspondingly characterized will have to be singled out or 
at least to be highly enriched, and to be biologically expanded, 
or the corresponding genome segment will have to be amplified 
and characterized by enzyme-based amplification methods. 

Such problems are connected with methods for the evolutive 
optimization of peptides and/or proteins by using mutagenesis 
methods and selection methods such as described, for instance, 
in W092/18645. Within 24 hours, about 10^ bacteria can be 
screened by their properties of binding to specific dye-labeled 
substances for the presence of a bacterium expressing a surface 
protein/peptide having the ability to interact with the target 
molecule at a given concentration. The corresponding bacterium 
can be cloned from such a reaction mixture by conventional 
methods . 



Another important application speGt2rum results from the so- 
called genome project for the functional mapping of gene 
segments from genomic libraries, cDNA libraries or libraries of 
subgenic structural elements (Shape Space) . In this way, the 
functions of genomic and/or subgenomic segments from extended 
collectives, e.g. their behavior of binding to target molecules, 
can be determined. 
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The use of the methodology described of functional assignment of 
genetically encoded peptide segments will become very important 
especially in allergologic research. The assignment of immuno- 
dominant epitopes on allergens (e.g, Aspergillus, milk protein, 
of-amylase) is of extraordinary importance and represents a prob- 
lem that has been difficult to solve to date. Typical problems 
occurring in practice are: 

The determination of the IgE binding molecules in a mixture of 
substances which is usually ill -characterized. For instance, 
answering to the question is important which contents of soya 
lecithin are immunogen: the pure substance alone, the pure sub- 
stance in its interaction with impurities of the preparation, or 
the interaction with structures of the host organism. According 
to the invention, the different substances in the mixture can be 
differentiated with labeled IgE from patients. 

By expression of subgenic gene segments, the immunodominant 
epitopes can be localized and characterized by the method 
mentioned above. With these results, 

evolutively analogue functional molecules lacking the 
corresponding immunodominant regions, e.g. a less immuno- 
genic Q!-amylase, can be generated by the methods described 
in W092/18645, and 

the specific epitopes can be prepared simply by standard 
methods of genetic engineering and be used as pure test 
reagents or for desensibilization. 

The device 

The measuring array is a device which is particularly useful for 
performing the method according to the invention due to the 
diffraction-limiting focusing of a laser beam in the arrangement 
described below. According to figure 14, the device is charac- 
terized by a prefocused laser beam. By introducing a combination 
of focusing lens and exchangeable microscope optics with con- 
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stant imaging distance, the diameter of the prefocused laser 
beam can be varied. After deflection by a dichroitic mirror, the 
prefocused laser beam is imaged on the sample volume which is 
present, for instance, on a carrier or in a hanging drop 1 by 
means of air or water immersion optics with or without a cover 
glass. Usually, the fluorescence emission is taken up and imaged 
by the immersion optics in an angle of 180° with respect to the 
direction of the exciting light. In the object plane 25, there 
is a pinhole aperture which is then imaged in an appropriate 
scale on a semiconductor detector element (avalanche photodiode) 
after passing appropriate cut-off or interference filters. The 
appropriate scale results from adjusting imaging of the sample 
to the dimension of the photodiode. Preferably, the photodiodes 
are realized relatively small, as in the range of lOO ^m, so 
that they can "replace" pinhole apertures in terms of a confocal 
detector. In a special embodiment of the device according to the 
invention, the diodes can also be arranged in ensembles in the 
form of detector arrays . 

Imaging of the pinhole aperture 5 0 can take place using a beam 
splitter 60 on, for instance, 2 detector elements 53, 54 that 
are optimized for different emission wavelengths. Instead of the 
pinhole aperture, one or more semiconductor detector elements 
(an array), for example, can be placed in the image plane. 

In a preferred embodiment, the device according to the inven- 
tion, which can be divided mentally into a unit for the genera- 
tion of diffraction-limiting focusing of a laser beam and an 
observing unit, has the following construction elements. The 
appliance 20 for prefocusing a laser beam 21 further contains a 
dichroitic mirror 3 0 in the beam path of the laser to deflect 
the laser beam 21. The laser beam generated by diffraction- 
limiting focusing is imaged after deflection by the dichroitic 
mirror 3 0 by means of another lens 40 into the sample which is 
positioned, for instance, on a carrier or is present in the form 
of a hanging drop 1 . 
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Optionally, the observing unit has filter appliances 51, photon 
counter appliances 52, a correlation appliance 71 and/or a mul- 
tichannel scaler appliance 72. The measuring signal can option- 
ally be processed and/or evaluated in a computer assisted way. 

Figure 15 shows schematically the prefocusing appliance 2 0 for 
prefocusing the laser beam 21, By the lens L 22 and an array 23 
corresponding to microscope optics the collineated laser beam 21 
is imaged on the image plane through the lens 22 . The array 
23 images the laser beam on image plane B2 as a first image. 
Preferably, the array 23 is provided with an exchangeable arran- 
gement of lenses, for instance in the form of a microscope nose 
piece. The diameter of the prefocused laser beam 21 can be 
varied therewith. 



In a preferred embodiment of the device according to the inven- 
tion, the detection unit consists of two detectors 52 and 54 and 
has a beam splitter 60 partitioning the light 55 emitted from 
the sample to the detectors 53 and 54, This arrangement is 
schematically shown in figure 16, It is advantageous therein, 
that the emitted light 55 from the sample 1 passes imaging len- 
ses 56, 57 and filter elements 58, 59 prior to entering each of 
the detectors 53 or 54. In particular, it is advantageous that 
the detectors 53 and 54 each can detect light of different wave- 
lengths. This can be achieved by selecting suitable filters. 

If the detector elements are placed in the image plane in the 
form of a detector array, the use of the pinhole aperture 5 0 can 
be dispensed with. The detector elements should then preferably 
have a size of < 100 fim. Another preferred embodiment of the 
device according to the invention has a pinhole 50 in the beam 
path 55. 

In figure 25, a double microscope as used for investigating a 
measuring compartment (sketched out at 62) is depicted in side 
view. The microscope has a vertical support 63 (rectangular 
txibe) provided with a sole plate 64. On the upper end of the 
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supporr 63, a central supporting arm 65 is pivoted to rotate 
around a horizontal axis. The central supporting arm 65 is 
devised hollow and provided inside with optical elements, such 
as a beam splitter 66 and a 45° reflecting mirror 67. The 
bearing axis 68 of the supporting arm 65 is devised hollow, 
wherein two superimposed laser beams are radiated axially into 
the supporting arm 56 alongside the ideal rotation axis and 
there impinge on the beam splitter 66 and on the mirror 67 
(broad roof prism) in the beam path behind. Through the beam 
splitter 66 and the mirror 67, the two superimposed laser beams 
are guided out of the supporting arm 65 on two opposing sides; 
at these sites, the supporting arm is provided with openings 69 
(glass cover plate) . 

The two laser beams 70, 71 leaving the supporting arm 65 impinge 
on the beam splitters 72, 73 which deflect laser beams 70, 71 so 
that rheir direction is parallel to the axial direction of 
supporting arm 65. 

At the free end of supporting arm 65, a supporting arm 74 is 
attached which is arranged in such a way relative to supporting 
arm 65 that both arms together form a T-shaped configuration. At 
the front side of supporting arm 74 facing away from support 63 
there are guiding appliances 75 for guiding longitudinal shift 
of body parts 76 which in turn bear an objective nose piece 77 
with the objective lens 78. The relative alignment of the two 
nose pieces 77 is such that the objective lenses 78 are facing 
one another and are lying on a common optical axis, while bet- 
ween the two objective lenses 78 the specimen stage 79 is loc- 
ated which in turn is held by supporting arm 74. Inside the 
supporting arm 74 there is a double spindle drive 8 0 with two 
spindles 81 having opposite threads. The spindles 81 are in 
thread- connect ion with arms 82 projecting into supporting arm 74 
and connected to the body parts 76. Thus, when the double 
spindle drive 88 is driven, the two body parts 76 are moving, 
depending of the driving direction, towards one another or away 
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from one another, so that the focuses of the two objective 
lenses can be joined. 

A double guiding system is connected with each of the two dis- 
placeable body parts 76 . Each of those double guiding systems is 
embodied in form of a twin fish tail slide rail 83, 84. These 
slide rails 83, 84 are arranged facing the two ends of support- 
ing arm 74 at the faces and are shifted along with the body 
parts 76. The two slide rails 83, 84 project beyond supporting 
arm 74 on both sides (side of glass slide and of connection with 
supporting arm 65) while being parallel to the supporting arm 
65 . The inner sides that are facing each other are provided with 
optical elements 85, 86 for prefocusing the laser light coming 
from the semitransparent mirrors or beam splitters 72, 73. On 
the sides of the two slide rails 83, 84 that are facing away 
from each other, more optical elements (lenses, apertures, 
filters and the like) are located in order to affect the light 
coming from the ir.easuring compartment. 88 are the pinholes and 
89 designates biconvex lenses for imaging the pinhole apertures 
on the detectors to detect the fluorescence radiation. Further- 
more, at the outer sides of slide rails 83, 84 that are facing 
away from each ccher, there are reflecting mirrors 8 9 being 
aligned in an angle of 45° and deflecting the light coming from 
the measuring compartment 62 towards the optical elements 87, 
88. In addition, the actual detectors 90, 91 (avalanche photo- 
diodes) which convert to electric signals the information from 
the received laser light required for further processing in 
cross correlation are located on those sides of the slide rails 
83, 84. 



The operation mode of the double microscope shown in figure 25 
is as follows. Through the bearing axis 68, the two superimposed 
laser beams (70, 71) of different wavelengths are entering sup- 
porting arm 65 where one of the laser beams 71 is reflected by 
the beam splitter element 66 by 90° to one side and the other 
laser beam 70 is reflected by 90° in the opposite direction via 
the mirror 67 after having penetrated beam splitter 66. The 
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laser beams 70, 71 leaving openings 69 of supporting arm 65 im- 

I 

pinge on the beam splitters or semitransparent mirrors 72, 73, 
from which they pass the optical elements 86. Thereafter, the 
laser beams penetrate supporting arm 74, to which end the latter 
is provided with elongated holes 92 on its sides facing the sup- 
port 63 and the specimen stage 79 (in figure 25, only the elon- 
gated holes 92 facing support 63 are depicted) . Then, the laser 
beams 70, 71 further run through the body parts 76 where they 
impinge on equally semitransparent mirrors 93 from where they 
run through the nose pieces 77 and the objective lenses 78 to 
impinge on the measuring compartment 62. The light reflected by 
the measuring compartment 62 penetrates the semitransparent mir- 
rors 93 without deflection and is sent to the optical elements 
87, 88 at the outer sides of slide rails 83, 84 by the reflec- 
ting mirrors 89. Thereafter, it impinges on detectors 90, 91. 

In order to be able to adjust, depending on the objective lenses 
78 used which are identical, the focuses of those lenses onto 
the measuring compartment 62, the body parts 76 and along with 
them the slide rails 83, 84 can be shifted, as has been set 
forth above. Since the semitransparent mirrors 72, 73 are held 
on the sides of the slide rails 83, 84 that face each other, as 
are the optical elements 86, the distance of the semitransparent 
mirrors 72, 73 from the reflecting mirror 67 and the semitrans- 
parent mirror (beam splitter 66) changes when the body parts 76 
and the slide rails 83, 84 are shifted. In the regions following 
the semitransparent mirrors 72, 73, where the laser beams 70, 71 
are running parallel to the supporting arm 65, the distance of 
those beams from said mirrors is changed. According to this, 
their relative position within the elongated holes 92 of suppor- 
ting arm 74 changes. From this it becomes apparent that all 
optics which are located outside the central supporting arm 65 
are moved when the focuses of the two identical objective lenses 
78 are changed while the two possible directions of movement 
coincide with the directions of the laser beams 70, 71 leaving 
the central supporting arm 65 . 
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The entire double microscope has an extremely compact construc- 
tion. All elements are arranged such that the weights are "es- 
sentially uniformly" distributed. The operator of the double 
microscope facing the specimen stage 79 is not hindered by op- 
tical elements and appliances of the microscope in his working 
area. The central supporting arm 65 and hence the total of the 
optical appliances of the double microscope can be rotated (see 
arrow 94) . The central supporting arm is held at the support 63 
by two bearings which are tensioned axially to one another so 
that no bending will occur. The position of one of the two 
objective lenses 78 can be positioned with extreme accuracy by 
a piezoelectrically or otherwise driven and working adjusting 
element (not shown) in order to be able to balance an offset of 
the common focus of the two objective lenses 78 from the posit- 
ion where the measuring compartment 62 is located on the spec- 
imen stage 79 . 

In addition to the optical elements which are described and 
depicted herein, such as lenses, filters, reflecting mirrors, 
semi transparent mirrors, additional optical elements can be 
positioned in the beam path of the laser beams 70, 71, if this 
is required or recommended by the examinations to be performed. 

Figure 17 shows a deoxyribonucleic acid labeled with rhodamine. 
The ordinate exhibits the normalized intensity correlation f;inc- 
tion. The abscissa is a logarithmic time axis. The concentration 
are given in terms of labeled molecules per volume element (2 x 
10 1) . Figure 17 a) shows the mononucleotide uracil, two mol- 
ecules per volume unit, whose diffusion time is 0.067 millisec- 
onds. Figure 17 b) shows a DNA with 500 base pairs corresponding 
to 0.3 molecules per volume unit having a diffusion time of 1.8 
milliseconds . 

Figure 18 shows the interaction of a fluorescence labeled recep- 
tor ligand with cell-bound receptors (/8- adrenergic receptors) in 
human lymphocytes. The axes of the system of coordinates are as 
described in figure 17 above. Figure 18 a) shows the labeled 
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ligand in ESS, 10.7 molecules per volume unit with a diffusion 
time of 1.1 milliseconds. 

Figure 18 b) shows the lymphocyte receptors labeled with ligand 
in BSS, 72 molecules per volume unit, diffusion time 13 sec. 



Figure 18 c) shows the situation of 76% free ligands and 24 
ligands bound to the lymphocyte receptor. 

Since fluorescence correlation functions can be obtained within 
10-100 ms, 1000 picture elements can be coded within 10 to 100 
seconds. In particular, each picture element of the method ac- 
cording to the invention corresponds to one Poisson space elem- 
ent typically having a radius of 0.1-1 /zm and a length of 1-3 
fim. The correlation function is calculated in each picture 
element for a given period of time and stored along with the 
respective coordinate x,y,z. Thereafter, the preparation is 
preferably shifted by a piezo drive to the new coordinate point, 
and so forth. Instead of shifting the preparation, the laser 
beam, for instance, can also be shifted within given limits by 
a suitable mirror appliance (see figure 9) . The dynamic picture 
elements are then assembled to an image in the computer. 

Figure 6 describes the preferred arrangement of the optical 
detection unit with an electric molecular trap with respect to 
the sample volume and the measuring volume. One or two detectors 
(detectors 1/2) detect the emitted fluorescence signals from the 
measuring volume element which are also imaged confocally 
through one or two optical units as described in the text. The 
aqueous sample is either in direct contact with the surface of 
the emergence lens or is separated from the objective by a thin 
sheet as depicted in figure 3 . 

The sample is held between at least two capillaries with an in- 
side diameter of the capillary end of about 1 /xm. In the case of 
functioning as molecular traps for ionic molecules, the capil- 
laries are coated with a conducting surface layer, preferably 
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gold on a chromium priming to which a rectified or an alternat- 
ing field can be applied. Controlling of the field is preferably 
done by a computer which is interfaced with the optical detec- 
tion unit and can regulate the fields in a defined manner when 
an interesting molecule is entering. 

Figure 3 describes a preferred embodiment of the arrangement ac- 
cording to the invention for screening large numbers of mutants 
for particular fitness parameters. Samples can be examined using 
an optical deteccion unit according to figure 6, The samples are 
present in the form of droplets under a sheet -like surface which 
in turn is preferably in contact with the objective in terms of 
water immersion. The sheet can bear certain coatings allowing 
for selective binding of molecules from the respective samples 
to their surface. The samples can be regularly deposited at 
defined positions, e.g. when using a microdispensing system, or 
in random distribution. To prevent evaporating of the solvent 
from the samples the droplets may be surrounded by a protecting 
matrix, e.g. polymer structures or oil. 

Figure 7 schematically shows FCS tagging of selected genotypes. 
If particular samples correspond to fitness parameters prese- 
lected according ro figure 3, access to the respective volume 
segments can be facilitated by the surface being provided with 
a photoactivable coating, which marks the position, e.g. optic- 
ally, and allows for subsequent access to the sample . 

Access to a selected volume segment or to molecules contained 
therein, such as coding nucleic acids, as shown schematically in 
figure 8, can also be achieved by photoactivating soluble reac- 
tants in the volume element e.g. to react with a nucleic acid. 
Nucleic acids thus labeled can be subsequently isolated in a 
relatively simple way in order to subject them to further 
reactions, for example, a PGR reaction. 

Figure 11 shows a selection of possible assays according to the 
invention. "Ag" stands for antigen, but refers to the analyte in 
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general terms, such as e.g. nucleic acid molecules for detection 
in double strand structures as well. 

"Ak" stands for antibody, but refers in general terms to a spec- 
ific test reagent for an analyte, such as antibody fragments, 
binding domains, or nucleic acids complementary to an analyte. 

"F" stands for a luminescence dye, in particular a fluorescence 
dye . 

(A) Specific complexing, according to the invention, of an 
analyte "Ag" by a fluorescence labeled test reagent wherein 
the fluorescence labeled test reagent in a complexed form 
is distinguished, according to the invention, from its free 
form. This constellation allows for an excess of up to 
1000-fold with respect to the analyte. 

(B) Same as (A) , however, the binding of a second test reagent 
added in excess in an unlabeled form is used to increase 
too small a difference in the sizes of the complex and the 
uncomplexed labeled test reagent. 

(C) Competitive RIA-analogous assay with a smaller than equiva- 
lent amount of test reagent and addition of fluorescence 
labeled competitor analyte. 

(D) Assay with large excess of test reagent, wherein at least 
two different test reagents are employed whose dye labels 
indicate specific complex formation through energy trans- 
fer. 

(E) Same as (D) , wherein the different dyes are detected indep- 
endantly according to the invention and the formation of a 
common complex is determined by time correlation of the 
different optical signals. 



- 81 - 



Figure 19 schematically describes how the dissociation behavior 
of complexes from n receptor molecules in n reaction mixtures 
and with dye- labeled ligand can present itself in parallel ex- 
periments. In defined time intervals, several reaction mixtures 
are repeatedly analyzed. At the beginning, excess of an unla- 
beled ligand is added to the mixture so that any dissociated 
complex is converted again into a complex with unlabeled ligand. 
From the courses of curves l,3,n individual dissociation rate 
constants can be estimated, the courses of cuirves 2 and n-1 
reveal two distinguishable dissociation processes and indicate 
distinguishable receptors , 

Figure 2 0 shows different embodiments of the electric trap ac- 
cording to the invention. (a) a,b,c,d represent quadrupolar 
electrodes (metal coated Neher capillaries or metal vapor de- 
posited electrodes on microstructures on flat sample carriers 
(silicone, glass and other base materials)); e,f in the case of 
sextupole electrodes (e.g. as metal vapor deposited emergence 
lens of one or two objectives) . Adjustment is done by x,y,z ad- 
justment, (b) Use of flat carriers with etched electrode chan- 
nels or LIGA technique prepared forms through which the motion 
of charged molecules in the electric field can be controlled. 
The bottom plates for e and f can be objectives coated as sex- 
tupole electrodes or metal vapor deposited coverings, (c) Use of 
(b) in combination with a sample dispenser system consisting of 
a capillairy made of mineral materials (e.g. glass, silicon, 
etc., or plastics such as Teflon to prevent electroosmotic cap- 
illary effects) for large volume sample reception with an elec- 
trode at the capillary end (about ±0-100 V) and with a collec- 
ting electrode at earth potential (0 V) . 

Figure 21 illustrates the possibility of detection of charged 
molecules by means of electric traps, (a) If target molecules 
are present within the quadrupole or sextupole field, the 
molecules can be set into forced motion by a random alternating 
field over the electrodes a,b,c,d. They thus become countable 
according to the invention. (b) The position of a molecule 
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within the trap is recognized by a multielement detector. By 
active feedback the quadrupole/sextupole field is adjusted such 
that the molecule gets fixed in its position within a defined 
area/ volume element . 

Figure 22 schematically shows analysis for epidemiologically 
conserved gene segments on a virus genome. A DNA/RNA mixture of 
different virus strains is labeled segment by segment each with 
a labeled counter- strand probe and subjected to a displacement 
experiment by an excess of unlabeled probe. The rapid appearance 
of free labeled probe below the melting temperature indicates 
that many strains have formed complexes with the probe exhibit- 
ing many mismatches. In these regions, the strains are evidently 
highly heterogeneous . 

In figure 23, a method is depicted by which it is possible, 
according to the invention, to deduce the presence of at least 
one of several possible mutations on a genome segment simulta- 
neously through cross correlation. A mixture of unlabeled frag- 
ments is added to the DNA or RNA mixture to be analyzed. Hybrid- 
ization of probe p with dye F2 must correlate with the simulta- 
neous hybridization of at least one probe ml-m6 labeled with dye 
Fl, if one of the sought mutations is present. Probes ml-m6 are 
each complementary to the mutated sequences and cannot effi- 
ciently form double strand structures with wild type sequences 
under stringent conditions. Preferred concentrations for the 
nucleic acid to be analyzed are from 10"^° M to 10'^^ M, whereas 
the probes are offered in a concentration of preferably from 
10"^ M to 10"^^ M. 

Figure 24 schematically depicts the significance of small excit- 
ation volumes (a) , small measuring volumes (b) and small volumes 
in parallel measurements (c) according to the invention, (a) A 
section from an exciting luminous pencil without prefocusing is 
shown with imaging of a small measuring volume according to the 
invention. A region is formed wherein photoinactivation of a dye 
label can occur prior to entering the actual measuring volume so 
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that the effective concentration in the measuring volume is 
lower than the actual concentration. This is prevented to a 
large extent, according to the invention, by illuminating with 
prefocused exciting light and imaging through a pinhole aperture 
in the object plane. Thus, a Gaussian volume with Gaussian dis- 
tribution of light intensity is formed (b) . (c) shows a section 
from parallel irradiated exciting luminous pencils with prsfoc- 
using with preferred imaging of small measuring volumes or 
successive illuminations and measurements of different volume 
elements with different space coordinates within the sample 
volume . 
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CLAIMS : 

A method for identifying one or a small number of mole- 
cules, especially in a dilution of s 1 /xM, using laser ex- 
cited FCS with measuring times ^ 500 ms and short diffusion 
paths of the molecules to be analyzed, wherein the measure- 
ment is performed in at least one small volume unit of 
preferably ^ 10"^^ 1 or in a plurality of such a volume, by 
determining material -specific parameters which are deter- 
mined by luminescence measurements of molecules to be 
examined , 

A method according to claim 1, in which translational 
diffusion coefficients, rotational diffusion coefficients, 
excitation and emission wavelengths, the life of the 
respective excited state of a luminescing substituent, or 
combinations of these measuring quantities are determined 
as the material-specific parameters. 

A method according to at least one of claims 1 and 2, 
characterized in that the space coordinates of the measur- 
ing volume are changed with respect to the space coordin- 
ates of the sample volume during analysis in order to 
analyze stationary or very slowly diffusing luminescing 
complexes by moving the sample volume with respect to the 
measuring volume and/or by changing the position of the 
laser beam and/or the position of the focus of the detect- 
ing optics with time wherein the measured translational 
diffusion coefficients correspond to a combination of the 
actual translational diffusion coefficients and the 
superimposed relative positional change of the coordinates 
of the measuring compartment. 



- 85 - 



A method according to claim 3 , characterized in that the 
change of the coordinates of the measuring compartment with 
time defines an apparent diffusion time of a stationa2ry or 
very slowly diffusing luminescing complex. 

A method according to any of claims 1 to 4, characterized 
in that the luminescence of a substituent is directly 
interacting with the molecule to be determined wherein the 
substituent is a luminophorous ligand or a ligand complex 
the spectroscopic parameters of which are correlated with 
the type or function of the molecule to be determined. 

A method according to at least one of claims 1 to 5 wherein 
the functional evaluation through the measurement of 
translational diffusion and/or rotational diffusion with 
evaluation of the correlation is performed particularly by 
determining the absolute number of molecules present and/or 
the variation thereof with time and/or by determining the 
specific concentrations of structurally distinct ligands 
and/or the ligand complexes and, derived therefrom, through 
the thermodynamic binding consnants of specific interac- 
tions and/or the rate constants of specific recognition 
reactions or enzymatic processes involving ligand-coupled 
molecules . 

A method according to at least one of claims 1 to 6 wherein 
the measured molecules or molecular complexes are of ionic 
or non- ionic nature. 

A method according to at least one of claims 1 to 7, 
characterized in that the measurement takes place within a 
superimposed electric or magnetic field which is constant 
or varying with time. 

A method according to claim 8 , wherein the ionic molecules 
or molecular complexes of a sample volume are forced to 
pass through the measuring element or to remain in the 
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measuring element for a short period by means of a recti- 
fied electric field or an alternating electric field. 

A method according to at least one of claims 8 and/or 9, 
characterized in that if an electric molecular trap is 
used, the labeled ligand bears a smaller charge than or a 
charge opposite to that of the target molecule to be 
complexed. 

A method according to at least one of claims 1 to 10, 
characterized in that the analysis is coupled with an 
electrophoretic separation method to separate free dye- 
labeled ligands, especially nucleic acid probes, from 
specifically complexed ligands, especially nucleic acid 
hybrides wherein ligands with a multitude of coupled 
fluorescence dyes are preferably employed. 

A method according to at least one of claims 1 to 11, 
characterized in that the complexes of labeled test reagent 
and analyte and possibly free analyte to be detected are 
preconcentrated in a first electrophoresis step and the 
complexes to be detected are transported into the measuring 
volume element in a second electrophoresis step. 

A method according to at least one of claims 1 to 12, 
characterized in that the luminophorous ligand and/or the 
luminophorous ligand complex have an extinction coefficient 
of a 30,000 with a quantum yield of s 0.1 and/or one or 
more dye oligomers are used as the chromophorous ligand to 
shorten the effective measuring time. 

A method according to at least one of claims 1 to 13, 
characterized in that the measuring compartments are 
arranged at an operating distance of ^ 1000 pirn from the 
emergence objective, the objective either being directly in 
contact with the sample volume or the sample volume being 
separated from the emergence lense by a transparent sheet. 
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A method according to at least one of claims 1 to 14, 
characterized in that defined molecules and/or equilibrium 
mixtures of molecules and/or kinetic reaction processes are 
analyzed in at least one sample volume element wherein in 
the case of several sample volume elements said elements 
are arranged on a two-dimensional carrier in two-dimen- 
sional arrangement, in particular on a membrane or sheet 
and/or wafer surface, or in a linear way, preferably in a 
capillairy system, where the sample volumes preferably are 
present in or on natural cells or cells modified in vitro 
and/or in artificially prepared vesicular structures, par- 
ticularly vesicles based on liposomes or based on soluble 
polymers having vesicle forming properties. 

A method according to at least one of claims 1 to 15, 
characterized in that the individual sample volumes are 
generated by using a microdispensing system. 

A method according to at least one of claims 1 to 16, 
characterized in that the access to phenotypically selected 
genotypes on DNA or RNA level is made possible by photo- 
chemical labeling of corresponding measuring positions, 
either by marking the local position of the respective 
volume element, preferably by employing the laser system 
used for the phenotype analysis using photochemically 
activatable substances for optical marking, or by enabling 
selective separation of the selected genotype by photochem- 
ically activatable reagents which are in contact with the 
contents of the selected volume elements in a soluble or 
surface-bound form and can enter a stable chemical interac- 
tion with structural elements of the selected genotype, 
especially by psoralen derivatives, and through specific 
binding to a coupled structural element, in particular 
activatable substances which are linked to oligonucleotides 
or biotin or avidin or streptavidin or oligopeptides or 
metal complexing agents or combinations thereof. 
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A method according to at least one of claims 1 to 17, 
characterized in that in a screening procedure substances 
that are possibly pharmacologically active are analyzed 
through their interaction with specific receptors by 
examining said interaction with binding of a luminescence 
labeled ligand to receptors wherein natural receptors on 
their carrier cells as well as receptors on receptor- 
overexpressing carrier cells or receptors in the form of 
expressed molecules or molecular complexes are used. 

A method according to at least one of claims 1 to 18, 
characterized in that in the analysis of interaction of 
potentially active siibstances with specific receptors and 
a particular labeled physiological ligand at least two 
receptors are employed whose differential binding potential 
is determined through interfering binding of variants and 
a labeled natural ligand. 

A method according to at least one of claims 1 to 19, 
characterized in that in the analysis of interaction of 
potentially active sxibstances with specific receptors or 
intracellular substances of living cells within a sample 
volume the major part of the cells remains capable of 
dividing or metabolically active. 

A method according to at least one of claims 1 to 20, 
characterized in that for the detection of specific 
recognition reactions the potential active substances are 
present in complex natural, synthetic or semisynthetic 
mixtures and said mixtures are subjected to chromatographic 
separation prior to analysis wherein the labeled ligand 
competing in the specific recognition reaction preferably 
is added to the separated fractions after the chromato- 
graphic separation and subsequently the competition 
reaction is analyzed in the specific interaction with a 
target molecule . 
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A method according to at least one of claims 1 to 21, 
characterized in that instead of the chromatographic unit 
a sample dispensing unit is employed. 

A method according to at least one of claims 1 to 22, 
characterized in that the type and/or number of homologous - 
ly complementary nucleic acid molecules in a sample volume 
is analyzed with at least one labeled nucleic acid probe 
through hybridization wherein the probe-coupled dye labels 
either preferably will not interact with a possible 
secondary structure of the probe or are preferably capable 
of specific intercalation and thereby change their spectral 
fluorescence behavior, especially by using substituted 
thiazole orange dyes. 

The method according to claim 23, characterized in that as 
the labeled probes for the detection of nucleic acids 
single- stranded nucleic acids as excess components with a 
particular polarity (+ or - strand) in the form of synthet- 
ic or cellular RNAs or DNAs are preferably used. 

A method according to at least one of claims 23 and/or 24, 
characterized in that the reaction rate of complex forma- 
tion in hybridization is accelerated by performing the 
assay in a medium containing chaotropic salts and/or 
organic solvents, particularly phenols. 

A method according to at least one of claims 23 to 25, 
characterized in that the degree of complementarity of the 
hybridized nucleic acid is analyzed through the thermody- 
namic stability of the complex.' 

A method according to at least one of claims 23 to 26, 
characterized in that the detection of a complementary 
nucleic acid is quantified through using an internal 
standard, said internal standard differing from the 
sequence of the nucleic acid to be quantified in at least 
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one point mutation and the analysis being performed at a 
temperacure at which the different conformations of the 
complexes of probe with internal standard and of probe with 
the nucleic acid molecule to be analyzed are distinct with 
respect to translational diffusion and/or rotational 
diffusion of the dye molecule. 

A method according to at least one of claims 1 to 27, 
characnerized in that the sensitivity for complex formation 
with dye -labeled ligand is enhanced by an increase of the 
effective association rate by adding to the reaction medium 
specific reactants which reduce the effective reaction 
volume and/or change the hydration sheath around the 
reactants and/or result in effective concentration of the 
reactancs by phase separations, in particular by employing 
polymers and/or oligomers, preferably polyethylene glycols, 
dextranes , proteins, polyvinylpyrrolidone, chaotropic 
reagents, organic solvents. 

A method according to at least one of claims 1 to 28, 
characterized in that the complex to be detected is made to 
react by at least one additional ligand which is preferably 
added in excess in order to increase the difference in size 
and/or shape between test reagent and the complex with the 
analyte to be detected. 

A method according to at least one of claims 1 to 29, 
characterized in that the specificity of the detecting 
reaction is increased by performing the formation of an at 
least ternary complex with a combination of test reagents 
which preferably are in excess with respect to the analyte 
wherein at least one test reagent is labeled with at least 
one dye ligand the emission wavelength of which is apt for 
excitation of a fluorescence dye at a second test reagent 
which dye is coupled at least as a monomer, the fluores- 
cence of which dye is detected. 



A method according to at least one of claims 1 to 30, 
characterized in that at least two analytes are analyzed in 
one sample together in one assay through the reaction of 
two different test reagents which are labeled with at least 
two independant and different dyes and are either excited 
with light of different wavelengths or independantly detec- 
ted by light of different emission wavelengths. 

A method according to at least one of claims 1 to 31, 
characterized in that a particular analyte is complexed 
with at least two test reagents simultaneously which are 
each labeled with at least two optically distinct fluores- 
cencing molecules wherein the simultaneous complex foirma- 
tion is detected either through the formation of an energy 
transfer complex and/or through the correlation in time of 
the signals having different wavelengths of excitation 
and/or emission. 

A method according to at least one of claims 1 to 32, 
characterized in that samples are analyzed for mixtures of 
vesicular structures, in particular for lipid bearing 
vesicles, especially vesicles of the VLDL., LDL and/or HDL 
types, by staining the vesicles with fluorescence labeled 
antibodies and/or by incorporating f luorophorous label 
molecules specifically and permanently into the vesicular 
structures . 

A method according to at least one of claims 1 to 33, 
characterized in that products of an in vitro protein 
biosynthesis are analyzed for specific binding properties 
or enzyme properties . 

A method according to at least one of claims 1 to 34, 
characterized in that oligomer or polymer distributions are 
analyzed for average translational diffusion coefficients 
and/or average rotational diffusion coefficients and their 
respective half widths in the distribution. 



A method according to at least one of claims 1 to 35, 
characterized in that in a sample volume with immobilized 
structure, preferably consisting of fixed cells or cell 
associates, tissues, organells, gel structures and other 
three-dimensionally compartmentalized sample volumes, sev- 
eral volume elements are covered with respect to dynamics 
or reaction kinetics of particular molecules wherein the 
positional coordinates of the volume elements are consid- 
ered as well and the volume elements are subsequently 
assembled to a two- or three-dimensional image. 

A method according co at least one of claims 1 to 36, 
characterized in that: complex formation between receptor 
molecules and the ligands which are possibly present in a 
sample is analyzed in competition with dye-labeled ligands 
in solution or with involvement of solid phase coupled 
molecules or with involvement of cell-associated molecules, 
the biological samples being presented in sheets so that 
the measuring compartments to be analyzed are analyzed in 
a preferred distance of no greater than 1000 /xm. 

A method according to at least one of claims 1 to 37, 
wherein kit systems are used that have been developed for 
assays for the detection of fluorescence depolarization. 

The use of a method according to claim 3 6 for the two- or 
three-dimensional imaging of dynamic processes or reaction 
kinetic processes in a three-dimensionally structured 
sample volume, preferably consisting of fixed cells or cell 
associates, tissues, organells, gel structures. 

The use of the method according to at least one of claims 
1 to 3 9 for in situ analysis of surface fixed preparations, 
in particular macromolecular complexes such as chromosomes, 
transcription complexes, translation complexes, or cells or 
tissue structures with the object of localization of par- 
ticular target molecules and/or spatial correlation to 



reference positions, preferably by using at least two 
ligands labeled according to the invention. 

The use of the method, according to at least one of claims 
1 to 3 8 for the determination of reaction efficiency of a 
specific materials conversion or a binding reaction of a 
dye ligand bearing molecule by simultaneously or succes- 
sively exposing to reaction conditions volume elements to 
be evaluated and by performing analysis of the reaction 
products after a defined reaction period. 

The use of the method according uo at least one of claims 
1 to 3 8 for qualitatively and/or quantitatively covering 
specific molecules and/or molecular complexes and/or the 
molecular environment of the rr.olecules and/or molecular 
complexes, in particular for the measurement and/or 
evaluation of physiologically accive receptors, especially 
surface receptors or evaluation of receptor binding ligands 
or ligand complexes. 

The use of the method according to at least one of claims 
1 to 3 8 as an alternative for radioimmunoassays or enzyme 
linked immunoassays by measuring the competitive binding to 
a receptor molecule of a sought molecule with a luminophor 
bearing ligand. 

The use of the method according to at least one of claims 
1 to 3 8 for the analysis of complex molecular collectives 
such as replicative molecules, in particular nucleic acids 
and proteins or peptides derived therefrom, complex 
chemical reaction products, complex systems of products 
synthesized in chemical reactions, or complex mixtures of 
secondary metabolites as products of cellular synthesis. 

The use of the method according to at least one of claims 
1 to 3 8 wherein analysis of complex mixtures of substances 
is performed on line with analytical fractionating. 
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The use of the method according to at least one of claims 
1 to 38 for the determination of the mobilities of mole- 
cules, molecular complexes, or cells, in particular of 
spermatozoa, monocytes, contractile elements, actively or 
passively transported molecules and membrane molecules. 

A device for performing the method according to at least 
one of claims 1 to 3 8 with microscope optics known per se 
for laser focusing for the excitation of fluorescence in a 
small measuring compartment of a very dilute solution and 
for confocal imaging of the emitted fluorescence light for 
subsequent measurement wherein ar least one system of op- 
tics with high numerical aperture of preferably ^1.2 N,A. 
is employed, the light quantity is limited by a confocally 
arranged pinhole aperture in the object plane behind the 
microscope objective, and/or the measuring compartment is 
positioned preferably at a distance of up to 1000 fjLva from 
the observation objective. 

The device according to claim 47 for the generation of 
diffraction limiting focusing of a laser beam with a unit 
generating the measuring signal and an observation unit 
wherein at the side of generation of the measuring signal 
an appliance (20) for prefocusing a laser beam (21) , a 
dichroitic mirror (30) for deflecting said laser beam (21) , 
and an additional lens (40) for focusing the laser beam 
onto the measuring volume are provided and wherein the 
observation unit has photon counting appliances (52) , a 
correlation appliance (71), and a multichannel scaler 
appliance (72) , and the measuring signal is optionally 
processed and/or evaluated in a computer assisted way. 

The device according to claim 48, wherein the appliances 
(20) for prefocusing are provided with a lens (22) and an 
array (23) corresponding to microscope optics wherein a 
collineated laser beam (21) is focused on the image plane 



Bj^ by a lens L and on the image plane (first image) by 
said array (23) . 



The device according to claim 49, wherein said array (23) 
is provided with an exchangeable arrangement of lenses for 
the variation of the diameter of the prefocused laser beam 
(21) . 

A device according to at least one of claims 48 to 50, 
wherein a detection unit is constituted by two detectors 
(53, 54) with a beam splitter (60) partitioning the light 
(55) emitted from the sample to the detectors (53, 54). 

The device according to claim 51, wherein the emitted light 
beam (55) passes imaging lenses (56, 57) and filter 
elements (58, 59) prior to each of the detectors (53, 54). 

A device according to at least one of claims 48 to 52, 
wherein the detectors (53, 54) detect light of different 
wavelengths . 

A device according to at least one of claims 48 to 53, 
wherein one or more detector elements are placed in the 
image plane optionally in the form of a detector array. 

A device according to at least one of claims 48 to 54, 
wherein a pinhole aperture (50) is arranged in the beam 
path (55) . 

A device according to at least one of claims 47 to 55, 
characterized in that two objectives are used which form an 
angle of > 90° between them. 

A device according to at least one of claims 47 to 56, 
characterized in that continuous lasers having emitted 
wavelengths of > 2 00 nm are used as the light source, in 
particular argon, krypton, helium-neon, helium-cadmium 
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lasers or lasers pulsed with high frequency of & 20 MHz 
with a power of s 0.5 mW . 

58. A device according to at least one of claims 47 to 57, 
characterized in that appliances for single photon counting 
such as avalanche diode detectors are arranged in the beam 
path of the emitted light, preferably in the plane of the 
pinhole aperture, for detecting the emitted light wherein 
signal analysis is performed by a digital correlator or 
mu 1 1 i c hanne 1 c oun t e r . 

A device according to at least one of claims 47 to 58, 
characterized in that the measuring compartment is fixed in 
a sample volume between two capillaries, said capillaries 
being provided with a chemically inert conductive coating 
at the outer side, in particular metal vapor deposited 
coating, especially gold vapor deposited coating on a 
chromium priming, wherein the conductive coatings are con- 
nected with a computer controlled rectified field or an 
alternating electric field and are conductively connected 
with each other through the measuring compartment . 

A device according to at least one of claims 4 7 to 59, 
characterized in that two microscope optics facing each 
other enclose the measuring compartment . 

61. A device, in particular according to at least one of claims 
47 to 60, characterized in that an electrophoretic addi- 
tional device is provided having at least one electropho- 
resis cell having at least one opening for charging/ dis- 
charging of the sample to be analyzed and/or a washing 
solution, a wall electrode, a ring electrode, a Neher 
capillary, an electrode at the tip of the capillary and a 
droplet outlet. 

62. The device according to claim 61, characterized by an 
electric trap having a quadrupole element with at least 
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four electrodes, preferably pin electrodes or vapor-depos- 
ited electrodes in a wafer configuration wherein preferably 
a hole of < 1 mm is lined, preferably in combination with 
at least two additional electrodes in at least a sextupole 
arrangement wherein the quadrupole element is preferably 
provided with alternating voltage and a direct voltage is 
applied to the sextupole electrodes such that the polarity 
thereof is opposed to the charge of the molecules to be 
analyzed. 

A device according to at least one of claims 61 and 62, 
characterized in that the sheet for receiving the samples 
has specific binding properties for molecules due to 
molecular derivatization, in particular in the form of ion- 
exchange ligands or affinity ligands, especially oligopep- 
tides, polypeptides, proteins, antibodies or chelating 
agents, especially iminodiacetic acid or nitrilotriacetic 
acid ligands, particularly sheets having different molecu- 
lar structures of different binding specificity as ligands 
in specific positions. 

A device according to at least one of claims 61 to 63, 
characterized in that the sample volume is fixed on a 
sample receiving device which is two- or three-dimensional - 
ly controllable wherein the sample preferably can be fixed 
in defined space coordinates with respect to the measuring 
optics by using two- or three-dimensional piezo drives. 

A device according to at least one of claims 61 to 64, 
characterized in that said device is equipped with an app- 
liance which deflects the laser beam in defined coordinates 
and/or can definitely determine the position of focusing, 

A method for the detection and/or identification of single 
microorganisms, particularly bacteria, suspensed cells or 
viruses, wherein specific interactions or enzymatic activ- 
ities of fluorescence labeled target molecules with sur- 
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face-expressed structural elements of natural or genetical- 
ly recombined membrane proteins are detected as the iden- 
tification criteria. 

The use of the method according to claim 6S for the detec- 
tion and preparative recovering of at least one specific 
gene of a microorganism whose at least one gene product is 
presented at the inner or outer membrane or envelope. 

The use of the method according to claim 66 for the deter- 
mination of the functions of gene products of defined gene 
segments . 

A method according to claim 1 for the identification of one 
or more molecules in several small volume units, character- 
ized in that several small volume elements are analyzed as 
the measuring volumes out of a common larger or several 
small excitation volumes and/or are analyzed successively 
with or without changing the space coordinates of the 
measuring volume or volumes within the sample. 

A device for performing said method using a multiarray 
detector having optics for illuminating an excitation 
volume comprising all or several measuring volumes or 
having an optical system for the parallel illumination of 
several excitation volumes. 

A device for the detection of one or more molecules, 
molecular complexes and/or molecular fragments, in particu- 
lar in a dilution of s l /xM, in small measuring volumes of 
preferably s 10"^^ 1 by means of fluorescence spectroscopy 
which device comprises 

a laser beam generation device for the generation of 
a laser beam with a first wavelength, 

a focusing device for the focusation of said laser 
beam onto the measuring volume wherein the laser beam 
is such highly focused within the measuring volume 
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that in essence it exclusively covers the measuring 
volume f 

a detector device for detecting fluorescence radiation 
generated due to the laser light excitation of one or 
more molecules^ molecular complexes and/or molecular 
fragments^ and 

a pinhole aperture arranged in the object plane within 
the beam path of the fluorescence radiation confocally 
with respect to the measuring volume to limit the 
quantity of fluorescence radiation to be detected by 
the detector device wherein said pinhole aperture has 

O ^ diameter of especially s 100 /xm and preferably of 

2 £ 20 to 30 iim. 

72. The device according to claim 71, characterized in that 
J: with an image scale of 1 : 100, 1 : GO, or 1 : 40 between 

D the measuring volume and the object plane and with a 

measuring volume having dimensions of s 0.1 /xm in each 
^ direction, said pinhole aperture has a diameter of about 

M 10 ^m, 6 /xm, or 4 /xm, respectively. 

m 73. A device according to claim 71 or 72, characterized in that 

the optics for the laser beam and/or the optics for the 
fluorescence radiation has a high numerical aperture of 
preferably s 1.2 N.A. 

74. A device according to any of claims 71 to 73, characterized 
in that the measuring volume is distanced from the focusing 
device by up to 1,000 /xm. 

75. A device according to any of claims 71 to 74, characterized 
in that the focusing device has a prefocusing device to 
prefocus the laser beam and a focusing objective lens to 
focus the prefocused laser beam onto the measuring volume. 
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76, The device according to claims 74 and 75, characterized in 
that the distance between the focusing objective lens and 
the measuring volume is up to 1, 000 /im. 

77. The device according to claim 75, characterized in that 
between the prefocusing device and the focusing objective 
lens a semitransparent mirror is arranged to deflect the 
prefocused laser beam onto the focusing objective lens. 

The device according to claim 77, characterized in that the 
pinhole aperture is arranged at the side of the semitrans- 
parent mirror facing away from the focusing objective lens. 

A device according to any of claims 71 to 78, characterized 
in that the detector device has at least one and preferably 
more detectors for detecting the fluorescence radiation. 

A device according to any of claims 71 to 78, characterized 
in that between the pinhole aperture and the detector 
device, there is arranged at least one optical filter 
and/or at least one imaging lens and/or at least one semi- 
transparent mirror and/or at least one reflecting mirror. 

81. A device according to any of claims 71 to 80, characterized 
by an additional laser beam generation device for the 
generation of an additional laser beam with a wavelength 
different from the first wavelength, an additional focusing 
device for focusing said additional laser beam onto the 
measuring volume in such high an extent that the additional 
laser beam in essence exclusively covers the measuring 
volume, an additional detector device for the detection of 
fluorescence radiation generated due excitation of one or 
more molecules, molecular complexes and/or molecular 
fragments, and a correlator unit which is connected with 
the two detector devices. 



78 . 
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The device according to claim 81, characterized by 

a T-shaped support with a first supporting arm (65) 
and a second supporting arm (74) connected therewith 
and running perpendicular to the first supporting arm 
(65) , 

holding devices (83, 84) arranged at the ends at the 
faces of the second supporting arm (74) for axial 
guiding and holding of optical elements (lens, filter, 
mirror, detector) for the two laser beams and the two 
fluorescence radiations wherein the focused laser 
beams impinge on a glass slide bearing the measuring 
volume and being separably arranged preferably halfway 
between the two ends at the faces of the second 
supporting arm (74) and held by them, 

wherein the two holding devices (83, 84) can be moved 
synchronously relative to their respective ends at the 
faces of the second supporting aorm (74) in the direc- 
tion of the longitudinal extension thereof, the two 
holding devices (83, 84) are extended in the direction 
of extension of the first supporting arm (65) , and the 
two laser beams can be deflected by deflecting mirrors 
and/or semi transparent mirrors (66, 57, 72, 73) 
through optical openings (69) out of the inside of the 
first supporting arm (65) onto the optical elements 
for the laser beams held at the holding devices (83, 
84) . 



The device according to claim 82, characterized in that the 
optical elements for the laser beams are arranged at the 
inner sides, facing each other, of the two holding devices 
(83, 84) and the optical elements for the fluorescence 
radiation are arranged at the outer sides, facing away from 
each other, of the two holding devices (83, 84) . 

A device according to claim 82 or 83, characterized in that 
one of the focusing objective lenses can be positioned by 
an adjusting element which is in particular piezoelectric- 
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ally driven for compensation of an offset of the focuses of 
said focusing objective lenses. 
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Abstract 

A Method for identifying one or a small number of molecules, 
especially in a dilution of ^ 1 /xM, using laser excited FCS with 
measuring times ^ 500 ms and short diffusion paths of the 
molecules to be analyzed^ wherein the measurement is performed 
in small volume units of preferably £ 10'-^* 1, by determining 
material-specific parameters which are determined by lumines- 
cence measurements of molecules to be examined. 

The device which can be preferably used for performing the 
method according to the invention is a per se known system of 
microscope optics for laser focusing for fluorescence excitation 
in a small measuring compartment of a ve2ry diluted solution and 
for imaging the emitted light in the subsequent measurement 
through confocal imaging wherein at least one system of optics 
with high numerical aperture of preferably s 1.2 N.A. is employ- 
ed, the light quantity is limited by a confocally arranged pin- 
hole aperture in the object plane behind the microscope objec- 
tive, and the measuring compartment is positioned at a distance 
of between 0 and 10 00 fxm from the observation objective. 
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emitted 
fluorescence 






Laser beam 



Molecular Detection 
Concentration 
Equilibrium Constant 
Rate Constant 
Product Determination 
Mobility Assay 
Conformational Change 



1 O'^-I 0^ Sampl 
2 

per cm 




• Sheet 

• Capillary Wall 

• Wafer 

• etc. 



cross -sectional view 



100-1000^im 



volume element 



Protecting Matrix 

• Gas Phase 

• Hydrophobic Liquid 

• Lipid Coat 

• Polymeric Matrix 



Aqueous sample with 
(non-) addressed 
position 

• Droplet 

• Cell 

• Vesicle 

• Gel Pore 

• Capillary Segment 

• AFFYMAX Element 

• etc. 



Chemical Coating 

• Metal Chelate 

• Ion Exchanger 

• Photoreactive Ligand 



FIG.4 



1 



r 



- 5 /32- 



on 



Detection of Molecules 
stationary structures through 
relative temporal change of the 
positional coordinates of the 
measuring volume 




Laser beam 



confocally imaged 
measuring volume 



F(G.5 



« 6 /32- 



Detection of Single Molecule 
in the Electric Trap 



Detector 



i 



confocal optics 
with high aperture 




Microcapillaries with 
chromium/gold vapor deposited 
coating on the outside fix 
the sample volume with 
enclosed measuring volume 



t 



Detector 1 



FIG.6 



- 7/32- 



FCS - Tagging of the 
Selected Genotypes 



Photoactivated 




a) Physical access to optically 
tagged volume elements 



b) Light induced linking of the nucleic acid 

of selected volume elements to affinity ligands 

- at the carrier surface 

- to soluble ligands 



FIG.7 



11- 



"8/32- 

Preparation of the DNA/RNA of 
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L: Ligand with specific nucleic acid affinity which can be photochemically coupled 
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can be enriched through (strept)avidin complexing (S) with appropriately modified 
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Determination by FCS of the Dissociation Behavior 
of Complexes in Experiments Performed in Parallel 
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Different Embodiments of the Electric Trap 
According to the Invention 



FIG.20a 




a, b, d as quadmpole electrodes (metal coated 
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FIG. 20 b 




Use of flat carriers with etched electrode channels 
(or forms made by LiGA technique) through which 
charged molecules can be controlled with respect 
to their migration in the electric field, can be led in 
or out. The bottom plates at e and f can be 
objectives coated as sextupole electrodes or metal 
vapor coated coverings. 



Electrode +/- 0-100 V 




FIG.20C 



Capillary with 
sample volume 




Use of (b) in combination with a sample dispenser 
system consisting of a capillary made of mineral 
materials (e.g. glass, silicon, etc.) or plastics (e.g. 
Teflon) for the reception of large sample volumes 
having an electrode at the end of the capillary 
(about +/- 0-100 Volt) and a collecting electrode 
at earth potential (O Volt). 



Collecting electrode with earthing t (potential 0 V) and Pinhole 
for ions to pass into the quadru polar field 



-21/32- 



Molecular Detection 



CI ^1 ri target molecules are present within the 

V/ « ^ 1 U quadrupole or sextupole field the molecules 

can be set into forced motion by a random 
alternating field over the electrodes 
a, b, c, d. They thus become countable 
according to the invention. 







The position of a molecule within 
the trap is recognized by a 
multielement detector. By active 
feedback the quadrupole/sextupole 
field is adjusted such that the 
molecule gets fixed in its position 
within a defined area/volume element. 



FIG.21b 



50 bp 



-22/32- 




-0 




-®0 



— ® ®® 



-0 — ^ 



©o- 



-0 0- 



-0- 



— O- 



-0- 





FIG.22 



23/32 




-24/32- 

Small Excitation Volumes (a) and 
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Volumes with Parallel Measurements- (c) 
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Multichannel Detection of Rhodamine 6G (Single Molecules) 



20. 



15. 

m 

4-) 

C 

> 10 



5. 



0. 




RODiOL 



2.5 lO'^^M 




J 



i 1:11! 



0.00 



m 



0.05 



0.10 



0.15 



^llilll,^ 



0.20 



llilll 



11 

0.25 



J 


1 


II II Hi!! 






II II I 




0.30 Time 



FIG.31a 



20. - 



m 

a 

<L) 

> 




0,30 Time 



FIG.31b 



DECLARATION 
AND POV/EH OF ATTOr^MEY 
U.S.A. 



PATENTS. .NCLUDUMG OESiGN 

--a APP'_'CATJCM EASeO ON PCT 
=iCliS CCN-V£NT[OV OR NON PRfOfilTY 



'OR ATTORNEYS' USE C-^rfLV 
ATTOP.T-IEYS' DOCKET NO. 

10496 /?5834i:^^. 



- fs* ano soi« (Oventof (if ontvoft« is ustea a* 20' ta'Owi of i • r?: ara ic*.-^ (nv^-ner iti Di«jfai inwniors ars na'-^c oeiow at 201-203. or on aodciionai sne*^ «nAcn«a rvsfwwt « tM »uot*a 

T A METHOD AIn^D A DEVICE FOR THE EVALUATIO:i OF BIOPOLYMJER FITNESS 



» znacnvo soociticxtion 



'nfl soeciitcaiion m aooiicsT«on rsefia* no 
(it af}OifCao)0i ana afn«Ao©o on 



' ;e<3. 



Jan 



J. vj f 



1994 



•>ef«ov siai* tnai l nava rmtttmrna ana unaerstana tne cotwew ot in* aoov»-<»«fitttt«<i scMCittcatton? inciuainc ine ciSims as amencso ov anv amenGm«rtt ref«<r%<j to aoov*. 
acftn9«n«<30* tn« outv to aiscios* fniormation *<tflicn ts mawnai to cstarnjiDtutv as oertnea tn Titte 37 Ccca ot r^faerai Heoutationi. ^\£6. 

•^«r#ovc'*'m tofwgn e>f<onty t>«o«titi unoef rme 3£. Unuea Statat Coae. 4*19 at anv torwsn •ooftcaiwrhsi tor oatent or iT^ntor s cenricaw tist»o oe*ow *r>o navw «t«o io«r>nti«fl fe«40« anv »tx»»qn 
acoticxiton tor ox:«nt or tnvwmar s caniitcaia navino a tinna aaitt Mrors irtai ot (n« aooucazton on ^mtcn oncniv 15 c:airn«<T 



o 



P ni 005.9 



18/1/93 





1 Country) 




Yes 


No 


PCr/EP93/01291 


per 


22/5/93 








■Coumrvi 


OavfWontn/Year r^ipeai 




No 


P 43 42 703.0 


Germany 


15/12/93 


X 






.Coumrvi 


DavtfMofiTfVYear Fueot 


res 


No 



-ereov catm ine Dttf>«>m urK3«f Titte 35 Uniiea Sia;es Coob §i20 of anv unttw States Moticatioivsi usieo oeiow ana insofar as tna suoiect mansf of aacn a tf\« ciaim* cf tnt% iso»ctiton u 
ot4cics«o m Tn« onor uniTM Suim aooccajion tn me manner orovwea Ov tn* urst ov^oraan ot r»t'e 3Sl unttea Siaiea Ccce ftiiS. 1 scKnowteaoe ine ai/tv to oiscioa* momwiion wntcn n marenai 
3 DX9mto*wt as oetmed ki Fitte 37 Coo« or Feoerai Reouiations «l £6 wfl«cn eecsrrw arv^tao** o«>»<e*i ins tmna aai« ot tne crtoi" aooticaiion ana tn* naxtoruu or PCT trrt^Tisiior^w tumc oaie 
:* mis xoouceton- 



C 



AootiCKion Sanaj no t 



;iUtu*: oaianifto. oerxjirva, aoarKJoo*ai 



(Aootaceuon &4ri4J No t 



POWER OF ATTORNEY: As a nameo inventor, t hereoy aooomt me fotfowing attornevs (Reojstration No.) lo prosecute tnis aooticarien, receive and 
act on tnstructicns from my aoent. ana transact ait business m tne Patent ana Traaemark Off.ce connecteo tnerevsntn. HARVEY B. JAC03SON. JR. 
(20.S£1>: O- OOUGLj*^ PRICE (Z^SU): JOHN CLARKE HOLWAN f22,7&9). MARVIN H. STERN f2Q,640): WiCHAEL R. SLOBASKY (26,421): JGMATHAN 
L. SCHEHEH (23, 651); SIW^FORO W. HERMAN (17.909): IR'tVJN M. AISENBERG (19,007); WILLIAM E. PLAYER (31 ,409) 



S=NO CCHRcSPONOeNCE TO. 



JACOBSON, PRiCE. HOLMAN & STERN 
400 Seventn Street. N.W. 
Washington, O.C 20004 



l<ftECT TEL£? HONE CALLS 70. 

<2C2) 638-Gc65 
JACOESON. PRICE. HOLMAH & STERN 



'invemortst rtarn* must mctisae at teast one unaooreviated iirsx or mraale name. 



o 

CM 



FULL NAMe* : FAMILY NAME 



I<UGOJ-r 



} MIDDLE NAWe 



RESIDENCE A 
CITTZENSHfP 



( crTY 

' (^ttanaen 



i STATE CR FOREIGN COUNTRY 

Germanv 



posTCFRce 1 POST omcE ADDRESS ^^-PlaacK-',cr^Y ^ . ' ^ate. or country 

AooREss : in^^fatu-b fijr B.ionhvsiJcaiische ChsrjLe.J^iTL Fassberg:,Gouririaen/Gexr 



' J3er!tianv fj^^rnc^ r -c.k 



1 ziacxiiE^ 
uanv I o— J ; u / / 





FUVL NAWe- ! FAMILY NAME 
OF IMVENTOR 1 blUii.'^ 


- , GlVEH NAME 

■f&nxrea 


1 MIDDLE NAME 

! 


CM 
CX 


RESiOENCE & ( Q-p^ 

c:r-zENSH.p ' Gattrnaen- 


. -5TATE OR FOREK5N COUNTRY 


1 COUNTRY OF CmrSKSHIP 




POST OFFICE i POST OFFICE ADDRESS 
ADDRESS r!oOTTr-noV^S O-Vmott 1 A 


T^ottinaen 






F0U-NAU6' ■ FAMILY NAME 

OF INVENTOR ! rTFTTnO 


GIVEN NAME 

Kaxsten 


. MIDDLE NAME 

: 


« 1 
a 


sESiDENCE & ' crry 
c:t:zensh(p Erkrath 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CmZENSHIP 

i (^rmanv 




POST OFFtCE i POST OFHCE ADDRESS 
•-.GORESS v-i -rr-bV^oT-rr-^ 


^< 1 ) ■ 


STATE OR COUNTRY 1 Zj^^^WR 

Germanv b-406?9 


' *urtn#f occtATS mat sm vtJtWTi*ms «n«o« Bara^n 0* rnv own Knowtaooa are true *no tftat an stztemems maoe on tnformation arvs oaiiat are oeueveo to oe true: arnj tunner inar tn«se statamarKs were 
-aoe witn tne noow^eooe tnet eruttut tats* watamflms arm tna mca so maoe are Dumsnaoie w tm« or wnorisorimeni or ootn, unoer section 1 00 1 Qt Tttia iB o( trie unteo Scatea Coa«; ana tnai $ucn 
-nttu* taise »«temer»e» mav leooeraize tne vattarrv or tno aootication or anv patent tssuioo tn«neon. 


. SJGNAfuRE OF INVENTOR 2017 


SIGNATURE CF 'NVENTOR 2C2* 


SIGNARJRE OF INVENTOR 203* 




DATE 

1 


DATE 



Aooitionv a tre mo r* mrm nmtmo on eeoanaa«v numoered sneett anacftea nereto 

JPH*S 1992 7/92 fCOPYlNQ WITHOtrT DELETIONS PeRMirrED\ 



Paae 2 of 3 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



FOR ATTORNEYS' USE ONLY 



ruRNEYS' DOCKET HO, 



10496/P53S41N 



-LL PATHNTS INCLUDING DESIGN 

:OP APOL'CAT.ON SASEO ON PCT 

^ARts CCNVENTION CR NON PPtOPITV ■ 

a o«icw nam 60 invemor i a«civ« irtat mw resioence ocst ontce aocress ano citizensnro are siaiaa caiow r*e«t to mv name tne tmorrnaiion Qtveri neretn is true, mar I o«i««v« tnat i am in« onotnai. 
• fST ana soie mvcMOf ut onfy one name is ustea ai 20 ^ oetowi or a * rst ano lomt mvemor tit oiurai muvmors are nameo oeiow at £01-203. or on aoaitKinai sneefs atucneo nereioi ot tna suoieo 
—attar wnicn rs c:aimea aryj tor wnicn oatent is souam on ine invention enTinea 



CM 

o 



^nicn ts aescnoeo ana ctatmeo tn 
~9 attacneo soectncaiion 



, PCT Internationa) Aooucation No 



me sDeciricatton m aooncatton Senat No 
lit aowtcaotei ana amenoea on 



■ nereov slate mat i nave fawwMO ervi unaerstarwi tne contents ot me aoove-«oemitie(S soeciticaiionx. inauaina me ctaims. as amenoea ov any amenomem reterrva to 

acKnowieooe tne outv n gtscCT* mTarmetion wntcn is material to oatentaoiiitv as aetineo in Title 37 Code ot Feoerai Hequtaiions. ^156. 

I nefeov eiaim tareiqn onontv Peoti te unoer Title 3& united States Cooe. §tig ot any loretan aooucaiionist *or oatent or iivemor s cemticate iisiea oeiow arKi n«ve eiso HJ t wift eo bmtom any loreign 
aooticaiion tor oatem or mvemor s cemticate navmo a tmng aaie oetore tnat oi ine aootication on wn«cn orKyitv ts ctaimea- 



o 



3rrof Foreion ADO<*cauon(i> 



Pnomy Ciauiwd 



NufToen 



(Courarv) 



Sjmoeri 



tCountryi 



•jmoen 



iCountrvi 



OavtMommrear Fiieoi 



fOawMontrvYear fiteot 



luayrMontruYear Fneot 



Yes 



Yes 



Ves 



No 



No 



No 



yj -ereov Claim tne cerwtit unoer Title 3S Uniteo States Coca ^120 of any umteo States aooiicauontsi weo oeiow ana. msoiar as tne suaea matter ot eacn ot tr»e cuume at mn aooicai«n is 
'31 Olsctosea tn tn» onor ur^itea States aootication m me manner orovioeo ov tne iirst oaraoraon ot Tmm 3S. Unneo States Cooe. ^ti2. i actotowteooe tne outv to oiseiosa vMonnanon wmcn t% maienai 
-z oaiemaointv as oennw in Title 37. Cooe Of Feoerai fleauiations. ^ti6 mtMcn oecame avaiiao** oen w en me titmg aate ot tne orior aooucation ana tne national or PCT imemauwui tmnq oat* 

~ z: tms aooucation' 



- - 



O 



lAopucaton Senai no i 



(fiiing Oatai 



(Status: oatemeo. oerxiing. aoanooneot 



Serial NolI 



(Status: paiemea. oenotng. 



POWER OF ATTDRNEY: As a named invemor i hereoy appoint the fotiowing artomeys (Registration No.) to prosecute this aoQtication, receive and 
::.act on mstructtons from my agent, ana transaa aU business in the Patent ana Trademark Office conneaed therewith, HARVEY B. JACOBSON, JR. 
420351): 0. DOUGLAS PRICE (24514); JOHN CLARKE HOLMAN (22.769). MARVIN R. STERN (20,640); MICHAEL R. SLOBASKY (2a421): JONATHAN 
SCHERER (29, 851); STANFORD W. 8ERMAN (17.909): JRWIN M. AJSENBERG (ISjOOT); WILLIAM E. PLAYER (31 ,409) 



SEND CORflESPONOENCE TD. 



2 ; 



JACOBSON, PRICE. HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington. D.C. 20004 



OIHECT TELEPHONE CAU-S TO. , 

fp/ease use Attommy s Oocxm No4 (202!) 638-6665 
JACOBSON. PRICE. HOLMAN & STERN 



'Ifwenionsi name must include at least one unaoot^viaied ttrst or middle name. 





PULL NAME* 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 

Ulo 


1 


UIOOLE NAME 


o 


RESIDENCE & 
OTiZENSHIP 


1 CTTY 

' Tallin 


STATE OR FOREKSfJ COUNTRY 

Estonia 


Q2UNTRY OF CmZENSHIP ^ 

Estonia 




POST OFHCe 
ADDRESS 


i POST OFFICE ADDRESS 

Tedre 24 


Tallin 






FULL NAME* 
OF INVENTOR 


! PAUILY NAIUE 


GIVEN NAME 




MIDDLE NAME 


o 

CM 


RcSiDENCE & 

c:t:2ENShip 


' cmr 


STATE OR FOREIGN COUNTRY 

Sweden 


COUNTRY OF CmZENSHlP 

Sweden 




POST OFFICE 
ADDRESS 


! POST OFFTCE AOOSESS 


criY 

Solna 


i STATE, OR COUNTRY | ^ ZiPjCQQS.^ 

t Sweden tS-17132 




FULL NAME' 
OF INVENTOR 


FAMILY NAME 

• sruKE 


1 JSIVENNAME 

i mchael 




MIDDLE NAME 


tn 
o 
w 


esstOENCE & 
C:T:2ENSHIP 


i CITY 


I STATE OR FOREIGN COUNTRY 

^ Germanv 




COUNTRY OF CmZENSMIP 

Germany 




POST OFFICE 
iOORESS 




1 eBttingen 


^Sgg^^OUNTRY ll>i!?f8^ 



I tuftner oeciare tnat au stateowna maoe neram of mv own icnowieaqe are true ana tnat ail siatetnems maam on mtormation ana beiiet are oetievea to oe trtje: ana hifWer mat mase sutements were 
maoe witn me KrK}wteaqe mat wtttttrf tats* statemems ana tne tme so maae are oumsnaoie Ov tine or tmortsonmem or exain. urwer section lOOi ot Title 18 ot tne onnea Suxee Cooe: ano mat sucn 
Miiiiut false statemems may feooafoua tne vanony ot tne atxaitcaiion or arty patani issutnq tnereon. 



SIGNATURE OF INVENTOR 201" 


SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203" 


DATE 


DATE 


DATE 



- AOdtDonai mveniors are nameo on eeoameer mjmoereo sneeia attacneo nereio. 
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?aae 3 of 3 



-uL PATEN'TS. INCLUDING DESIGN 

r.-s APPLICATION BASED ON PCT 
^APiiS CONVENTION OR NON PWtORnV 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



PGR ATTDRNEYS' USE ONLY 
ATTORNEYS' COCKET NO. 

10496/P5884l:<[Z^. 



^ a D«iow namea ,nv«nw. t aaci«r« tn« mv res«jenc8 DCs: on.ce aacress ano ctizensnto are siaieo oe<ow «e.t to mv name me information oiven neretn >$ true tnat I tMH»*« mat t am me onomai 
— aner wmcn is ciaimeo ana lor wnicn caierw n souam on me tnveotion enrmea -'"-w^w r«nw*ip «. im« 



o 



<vntcn ts oescrioea ana aainwa m 
•^s anacneo soectticaiKin 



. ?Cr Imemaitonai Aooticaiion No 



tne soeciticaiion m aooticatton Senai No 
III aoiMicaote) ana amenoeo on 



••:e<l. 



. lereov state mat i nave rev«MO ano unoenuna me cor«ent» ot me aoo««^K»mrti«e soectttcations mctuama me ciaims. as amenaea ov anv amenomem reteffM 10 
acKnowieoqe tne outv w aisctose mtormation wnicn ts matenai lo oatentaoititv as oetmeo m Tme 37 Coae ot Peoerei Aeautauons. §1 56l 

' ^weov Claim tare.gn prwify tMfwnts unoer tme IS. United States Coae §ti9 ot anv torman «DDiicat«nisi tor oaiem or .-wentor s cenit.cate tisiea oeK»* aoo nave aiso «»mitied oe*o« any 
auwicatton tor oatera or ttrmm% cemttcate navmo a tmnq aate oerore mat ot me aooitcauon on wnicn onoritv is ciaimea: 



Oftor Foreign Apoucanoncai 



Pnonty Claimed 



■Numoert 



Coucitrvi 



Sumoeri 



Countfvi 



\jmoeri 



Countfvt 



JayfMomrvYear Fiiedi 



lOavfMomnrvear rueai 



^av«Mcmn/Year t^iieot 



Yes 



Yes 



les 



No 



No 



NO 



m^oJr^nTne^rCTmrZr^.^^ '^"''^ °* """"^ «oo«c«.on.,. i.stea oe««» .no. msorar as me suoie« maner or eacn ot me a»m. ot «t« «K»Don « 

;o«^^i.o3Jrae^«T^ orov«w ov me f.r« oaravaon ot T.tie 3S. Un.tee Sutes Cooe. «n2 1 a«noi.r«oae me outv to otsoose ««««««« ^cn « m«n* 

-r mTirTDo,^«n ^1 56 wnicn oecame .va,«,» o«wi»«, me tmng oate « me onor aooucaiKsn ano tne nai«n«i or PCT jmenuuon. mng date 



O 



tAppucatiOA Senai no t 



iFilmg Oatat 



{Status: oaiemeo. oerxitng. aoanooneoi 



Seriat Noi 



(Fthng Oatai 



(Status: oatemad. oenaing. 



-POWER OF ATPORNEY: As a nameo inventor i hero&y appoint the foliowing attorneys (Registration No.) to prosecute this aoDlication, recetv© and 

^^ansaa atl business in the Patent and Trademark Office conneaed therewith, HARVEY B. JACOBSON, JR. 

-^^HPnPP°™ ^^-^^^^ ^'^^'^ " ^f^N f20.640>: MICHAEL R SLOBASKY (26.421); JONATOAN 

SCHERER (29, 851); STANFORD W. BERMAN (17.909): IRWIN M. AISENBERG (19OT7): WILLIAM E. PLAYER (31 .409) 



ScNO COHRESPONOENCE TO. 



JACOBSON. PRICE, HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington, O.C. 20004 



( OlflECT TELEPHONE CALLS TO. 

(pmam use Arrome^ « Oocuer moj (202) 63S-6666 

JACOBSON. PRICE. HOLMAN & STERN 



* invenrarts) name must inctude at laast onm unaoowiatsd tirst or middle name. 



CM 



FULL NAME' 
OF INVENTOR 



FAMILY NAME 



GIVEN NAME 

Michael 



MIDDLE NAME 



RESIDENCE & 
CmZENSHtP 



cmr . 

Gottangen 



fiJ^Qf^eiGN COUNTRY 



POST OFFICE 
ADDRESS 



RESIDENCE & 
CITIZENSHIP 



POST OFRCE 
ADDRESS 



POST OFFICE ADDRESS 

;''^£S£he_Strassel 3 

FAMILY NAME 

.SUM 

CITY 



COUNTRY OF CmZENSHIP 

(jentianv 



cmr 

Gottinaen 



I 



STATE OR COUNTRY 

Gmnnanv 




POST OFFICE ADDRESS 

Steinf lur%vea 2B 



STATE OR FOREK3N COUNTRY 

Gergianv 



NTRY OF CrnZENSHIP 



^sdorf 



STATE OR COUNTRY 

Germanv 



FULL NAME* 
OF INVENTOR 



o 

C4 



CESIOENCE 4 
c:T:z£NSHtP 

POST OFFICE 
•VDORESS 



FAMILY NAME 

TEHMAN 
cmr 



N NAME 



MIDDLE NAME 



POST OFnCE ADDRESS 

rasse 19 



STATE OR FOREIGN COUNTRY 

Genrianv 
cmr 

Gottxnaen 



UNTRY OF CITIZENSHIP 




rATE CR COUNTRY 



\ turtfter oeciare tnai att staienMras made nerem or -ttv own itnowwoae are true and tnat ail statemwns maoe on mtormation 
mao* witn me ttnowieoge mai wuitut taise statements «no tne •.•te so maoe are ountsnaoi* t>v rine of imonsonment or ooin 
wHilm tatse statements may teooarotta me vaitamr of tne aooucaticn or anv oaiam tssumq inereon 



and oettei are oeneveo to oe true: >r>a turmer mat mese statements 
under sacnon tOOl ot Title 18 ot the unitsd Statas Cooe; and tnai sucn 




AdOitanai tnwentors are nameo on 
JPH&S 1992 7/92 (COPYTNO WfT«OUT DELETIONS PERMITTEDl 



OECLARATIQK 
AND POWER QF ATTORNEY 

as,A. 



-■^L PATENTS INCLUDING DESIGN 

--q APPLICATION 8ASE0 ON PCT 
-APIS CCNVENTION OR NON pPK3PnrY 



"OR ArrcRNevs' use oaiy 
ATTOnNEYS' CCCKET NO. 

i0496/P5£S41M2^ 



a oato* nafn*o irtvwmor i a«c>«rc mat mv resiaence cosi csntca aocress ana citiZ8nsn<o af« stateo osiow n«ti to rrv name me mTormattoo Qtven nerein ts true, tntr I d«<i«v« tnat t xrm ortcmai. 
• fST ana sot6 inv^fwo' ft* oo(v oo» nama is iisioa at ss*owi or a * r^T ana lOitn inv«niof tit ciutat inv«ntor3 are nam«<3 Mto* at £01-203. or on aacitionaf sn»ms vx*ctye3 narstat ot tn« suawc^ 
""anar wmcn is ciatmM ano tot wntcn oatsnt ts scjcnt c ine invention e"-nitiea 

A METHOD Ai;D A DEVICE FOR THE EVALUATION OF BIOPOLy.MJER FITMES3 



o 



Mntcrt A% o«scnoeo «n<j ciairrwa m 
anacnea so«ctttcato« 



Xpct 



temationat Aooiicaiion no 



PCT/EP94/QQ117 



'.n« soecnicatton tn aooncatXMt Seriai No 
,.j asottcaotet ano ameno«o on 



Jan, 18, 19S4 



'>»r»ov Stat* mat I nav« fwvwwwt ano uno«nEtand ccmftnts ot ine aDOv*-«09miti«o soAcmcations. mctuaina me ciaims. as amenaea ov any amenarr>«m rotvrraa lo aoom. 
ac«rtowi«aa« tn« ijutv to oiSOOM mtonnatton wrn^cn ts mai«o*t to oai«m»oitit» as oetmea m Tttie 37. Code 01 Feoerat fteouiaiions. 61 56. 

•>ef»ov oaim foreign ooomv ben«m» unoer Title 3S. Unitea State* Coae. ^tt9 ot anv KxeKW ai>o«cai»onts» wr oatenr or inventor s ceniticate tcstea oeww ana nave ano loefwitied bew* any »or»»qn 
aooticattan tor oaient or m ^e mo r s canittcate navina a tiur«a aate D«tore tnat ot ine aoDucaiion on wnicn onoritv is c:aimeo 



a 



J^'tor Foretqn Aooiicanotwst 

P 43 01 005,9 



Genrianv 



18/1/93 



Numoen 

PCT/EP93/Q1291 

Numoert 

P 43 42 703.0 

"i jfnoeri 



per 



.Coumvt 

Germany 



Oav/Monrtru Y«ar i^neoi 

22/5/93 

• OawMomrvYear ^ceoi 

15/12/93 

Day/MontrvYear i^rieai 



OrWity Claimed 
No 



X 

Yes 



ras 



NO 



No 



-ereov oaim tne oenern urvier Titi« 3S umteo Stales Ccce ot anv united States aooticattorwsi nstea oetow ana insofar as tne suotect nnatter ot eacn ot tne ctawna or tnts aowoiioit « 
-zt otsciosea in tne oryx utmea Sutes aooitcaiion m tne manner orovioea Qv tne tirn oanotasn Ot Trtie 35. Dnnira States Cooa. «ti2. ) acxncnneoae tne aurv to otsciose tftwrm a ron wntcn is matenai 
■3 oatet^aoiiitv as oettned m Title 37 Cooe or l=eQer«i necucations. ^t^6 wmcn oecame avaitaote o « t»— n tna tmno aate or tne Ofior aooucaiion ana itie nctonet or PCT intematKmai ttuna oJiia 
tnrs aooiicmtion- 



O 



.AQoucaiioa Sen«j no i 



i^taius: oaLantaa. oenatryq. aaa/toooeat 



\Appii c«no w &«n«i NO I 



(rtiing Oatei 



(caiatus: oatemea. oenatnq, aoenooMOt 



POWER OF ATTORNEY: As a named inventor. 1 hereoy aoooint tfie foilowtng attorneys (Registration No.) lo prosecute mis aopiication. receive ano 
act on instructions from my agent, ano transaa all business in the Patent and Trademark office connected tnerewith. HARVEY B. JACOSSON, JR. 
(2aSS1): 0. DOUGLAS PRTCE (24J5U): JOHN CLARKE HOLMAN (22.7^9), MARVIN STERN (20.640); MICHAEL R. SLOoASKY (2S.42t): JCNATOAN 
L. SCHERER (29, 851): STANFORD W. BERMAN 07509): IRWIN M. AJSENBERG (19.007); WILLIAM E, PLAYER (31 ,409) 



£=h*0 CGRRESPONOeNCE TO. 



JACOBSON. PRICE. HOLMAN & STERN 
400 Seventn Street. N.W, 
Wastiinaton. 0,CL 20004 



CiRcCT TELEPHONE CALLS TO; 

(202) 633-6660 
JACOBSON. PRICE, HOLMAN & STERN 



•'nventonsi name must tncnjd* at least one unaoorevtateo first or mtaaJe name. 





PUIU NAME' 
OF IMVEHTOR 


j FAMtLV NAME 

IPTC^TKR 


: Ruaoir 


j MIDDLE NAME 

* 






RESIDENCE & 
CmrENSHIP 


t cmr 

' Gottinaen 


i STATE OR FOREIGN COUNTRY 

. Germany 


1 COUNTRY OF cmZSiSHIP 

' Germanv 






POST OFFTCE 
AOORESS 


i POST OFFTCE ADDRESS M^X-PlaaCk^ CITY, ^ . , „ , " ^TAT^R COUNTR^t, 1 aPQQQE 

^Tnstitut fur BToohvsiicaliscne ChCTxe,?m Fassbero-rGottingenrGeiinanyt d-3/^ 






FUU- NAME* 
CF INVENTOR 


f FAMILY NAME 

'EIGEN 


U&VEM. NAME 


t MIDDLE NAME 

f 




CM 

o 

CM 


RESIDENCE & 
CITIZENSHIP 


\ crrr 

' G3ti:trT.cren- 


, -$TAT£ OR FOREIGN COUNTRY 


i COUNTRY OF CmZENSHlP 

C^imanv 






POST OFFICE 
ADDRESS 


I POST OFRCE AOORESS 


^5ottinaen 








FUU. NAME' 
OF INVENTOR 


■■ FAMILY NAME 


GiVEN NAME 

Karsten 


. .'yKODLE NAME 




o 


residence & 
c:t:2ENShip 


. CITY 

■ Erkrath 


STATE OR FOREIGN COUNTRY 
r^TTT^T^V 


; COUNTRY OF CmZENSMIP 

' (^errranv 






POST OFFICE 
ADDRESS 


j POST OFRCE ADDRESS 


cmr 

' Erkrat±i - 


STATE OR COUNTRY i 2l9 CqDE 

(Germany D-406H9 




t *trnt>er eeaare tnat au ctartwnenn maoe nerem of mv own vncwteooe are true ana tnat ail statements maoe on tnrormaiion arto 0»i*mt are oeiievea to oe true; ano turmsr mat tnese statements were 
-aoe w«n tne t<rww»eooe mat wwttm taise statements ano tne if«e so maaa are oumsnaote ov una or tmortsonment or ootn. uncer section lOOi or fttie 18 of the unrtea Stites Code: ano tnai tucn 
^Milul tatse «tate*i»#n« maw reooamusa tne vaiidttv ot tne aooiacatt*oo or anv oatem tssuina tnere^n 


SfGNATUPE OF INVENTOR 2Q1* 


SIpNATURElbF i^^EKjTOr^ 202* 


SIGNATURE OF INVENTOR 203' 




OATE 






DATE 



AOOthottMt inventors are narfiea on m m o m m i mt numoerea art * a n, anacnea nereto. 

JPHAS 1992 7/92 fCOPYINa WnWOUT OELETUDNS PERMITTHO^ 



1 



^a.ae. 2 of 3 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



-LL PATcKTS INCLUDING DESIGN 

:OP A PP', tCATiON SAScO ON PCT 
-ARiS CC'JVeNTlON OR NON PPtOflrTY 



FOR ATTORNcYS* USE ONLY 
ATTORNEYS' DOCKET NO. 

10496/P58841NA 



Ai a oeicw nameo inv«ntof. I deciar* mat mw resioence ocst ohjcb aaoress ana cmzensnio are siateo Deiow next to mv name ine tmormanon Qiven ner*,n is true, that I t>«it«v« mat I am tne ooqmai. 
• 'SI ana soie mvemof (it onty onm name ts usiea ai 201 neiowi or a • rsi ano toint mvenior tit oiurat invomors are namea miow at £01-203. or on aoactonai sneets «Tacne<s rmwo) at tno tuwea 
— atrer wmcn is ciaimeo and »of wnicn cat em is souam on me mvemton entnieo 



O 



*nicn (S oescnoeo ana ciaimea in 
-e anacneo soecrficatioo 



?CT I nief national Aooucatton No 



^ tne soeciftcation m aooncation Senai No 
mJ aopiicaoiei ano amenoea on 



Med. 



. neraov state tnat t nava revwwtM ano unaersiano me contents ot tne aoov»Hoenf tried soectucations. mciuamo tne ciaims as amenaoo ov anv amenoment reterrva to «oov«. 

acimowieage tne outv w drsciose intofmatKMi wnicn 15 matenat 10 oatemaoniiv as aenneo m Title 37. Code oi Federal Regulations. §t56. 

t ner»ov ciaim torefon orionty benefits under Titfe 35. United States Code. §I19 ot anv roretgn aooitcatKincsi tor oatem or inventor s cemticata listed oeww and nav» atso toentrbed oeww any toreign 
aooucation tor oatem or inventor « cantticaie naving a niing date oeitxe tnat ot the aooitcaixm on wnicn ortonty is ciaimeo: 



n 
o 



3r»Of Poretgn Appttc«tun(st 



Pnomy Oaim«d 













Numoert 


iCoumryt 


JayfMomn/Year Ftteoi 


Yes 


Mo 


"•umoen 


^Country) 


tOav/Montn/Year Fiteai 


Yes 


No 


".umoert 


Countrvi 


iDay/Montn/Year Ftteat 


Yes 


No 



-ereov cia.m tne oenent unot Titie 35 United States Cooe §120 ot anv umtea States aooiicationtst nsieo oeiow ano msotar as tne suoiea maner of eacn ot the aaims at mis tcoicaiion is 
-at oisaosea m tne onor Unrtod Slates aooucation m me manner orovicieo Ov tne t.r« oaraoracn of Title 35. United States Code. §112. t acKno^woao tne outv to disclose rniornwtion wn<n is maienai 
:3 twewaoiiitv as oennM to Title 37 Code 01 Feoerai Reouiations. ^1 56 wnicn oecame avaMaoie oenmen tne tning date ot me onor aooiicaiion ano tne national or PCT intemaiionai tumg date 



•J tftts aooiication* 



(.Apoiication Senai No 1 



( Filing Oaie» 



(Status: oatemod. oerxitng. aoanoonod) 



(Applica ti on Serial Nat 



iFtltng Oata» 



iStatus: patemeo. oenomq, aoanoonea^ 



'POWER OF ATTORNEY: As a named inventor, ( hereby apDOtnt the tollowtng attorneys (Registration No.) to prosecute this application, receive and 
act on instructions from my agem, and transact all business in the Patent and Trademark Office connected therewith. HARVEY a JAC08S0N, JR 
^20351): a DOUGLAS PRICE (24^14): JOHN CLARKE HOLMAN (22.769). MARVIN R. STERN (20,640): MICHAEL R. SLOBASKY (2a421): JONATHAN 
rt. SCHERER {29, 851): STANFORD W. BERMAN (17,909); IRWIN M. AiSENBERG (19,007); WILLIAM E PLAYER (31 ,409) 



SEND CORRESPONDENCE TO. 



JACOBSON, PRICE, HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington, O.C 20004 



Direct telephone calls to: 

fp/easa t/se Attom*Y-9 Oocxmt no.) (202) 638^6666 
JACOBSON. PRICE. HOLMAN & STEBN 



*lnv«mons> name must induda at least one unaoorevtated first or middle name. 





FULL NAME' 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 

Ulo 


MIOOLE NAME 


O' 
CM 


RESIDENCE & 
CmZENSHiP 


cmr 

Tallin 


STATE OR FOREIGN COUNTRY 

Estonia 


QJUIfFRY OF CmZENSHIP 

Estonia 




POST OFFICE 
ADDRESS 


POST OFFTCE ADDRESS 

Tedre 24 


Tallin 1 


STATE OR COUNTRY 

Estonia 1 






FULL NAME* 
OF INVENTOR 


FMMII.Y NAME 


GtVEN NAME 

Jerker 


MtOOLE NAME 


CM 
O 
CM 


RESIOENCE & 
CmZENSHIP 


CITY 


STATE on FOREIGN COUNTRY 

Sweden 


COUNTRY OF CmZENSHIP 

Sweden 




POST OFFICE 
ADDRESS 


POST OFRCE ADDRESS 


CITY 

' Solna 


STATE OR COUNTRY 

Sweden 






FULL NAME' 
OF INVENTOR 


FAMILY NAME 

sruKE 






MIDDLE NAME 


rs 
o 

CM 


SESIOENCE i 
CITIZENSHIP 


CITY 

rio-h-hiriCTen 


STATE OR FOREIGN COUNTRY 

' Gennanv 




1 COUNTRY OF CmZENSHlP 

! Germanv 




POST OFRCE 
ADDRESS 


POSTOFFICE AOpBESS, ^ ^ 

Auf der Lieth 36 


! ©ttdjigen 







i turmer a«ctafe mat au «at«neni« made nerein ot mv own Knowledge are true arwi mai aii statamwm maoe on mtorrnation ana belief are oeiieveo to oe true; and turthw tnat tnese statements were 
mad« witn tne Knowt^jge mat wiUfui false statements ano tne nne so maoe are ounisnaoie ov tme or imonsonment or ootn. under section lOOi of Title 18 ot the United States Code: and tftat sucn 
wtirtu* (an* statements may reooaraue me validity ot tne aooucation or any gatent tssuirtg tn«f«on. 



SIGNATURE OF INVENTOR 20t* 


SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203" 


DATE 


DATE 


DATE 



Adononai mveniors are nameo on separatsfy numoereo srteets attacf>*(3 ner«to. 
JPH&S 1992 7/32 (COPYING WTTMOUT DELETIONS PERMITTEDi 



Page 3 of 3 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



-ll patents, including design 

■OR APPLICATION RASEO ON PCT 
-ARtS CONVENTION OR NON PWIOBRV 



POH ATIDRNEYS* USE ONLY 
ATTORNEYS* DOCKET NO. 

10496/P5884i:^. 



-Tnir n ! ^ '* * ^ °' ' ' '"^""^ 'ttvAnions are nameo D6.o* si 201-203. or on aoa.trana. sneea racnw n»f«to) o( tM $uO(»a 

-"aner wmcn is ctaim«o ana nx wnicn oaieni is souani on me invention emuiea. — w™« i^vw) i..^ 



CM 

o 



*nrcn IS oescrioea ana ctaimva m- 
, "^e anacnea soectticaiion 



PCT Intern aifonat Aooiication No 



:rie soectucation m aooucation Ser«at No 
tif aoDticaoiai ana amerKiea on 



•::e<i. 



nereoy state tnat i rm r«v«Ma ano unoereiano tne contents or tno aisoviMaemitwo so»aticaucxis .ncmainq me cta.ms as amenaea ov anv amenomem wmc to 
acKfKiwteage in* outv » Otscns* intormatwn wmcn « material to oatemaottitv as aecraa m T.tJ« J7 Code ot Feaerai fleouiations. §tf6. 



I hereov cia.m foreign onomv t»o<rt» unoef Title 35 United States Coae §it9 of anv foam aooucanorasi tor oatent or invemor s cenit.cate iisteo oeiow ana nave aiso 
aoDitcation tor oateni or invMir % caniticate naving a tmnq oate oetore tnat ot ine aocuicauon on wn<n onor itv is ciaimea 



tamnutmi tw«ow any foreign 



o 



Prior Foreign Aooticationts) 



Priority Claim«d 



Numoeri 


iCoururvi 


^ayrMomn/Year Fitect 


Ves 


Mo 


fJumoeri 


Country 1 


(OayrMontrvYear Fiteoi 


Yes 


No 


Numoeri 


Counirvi 


.Day/Montn/Year Fiieot 


res 


Mo 



-t^s^^nTne^^^Su^ a^^^^ " ' '° ° ' ' """"^ ^'^^ *««k:««s, nsteo oeiow ano inso.ar as tne suoiect maner or eacn ot tn. oa-n. o* tnu «xhk««« is 

^],°^^n^lTn^^ J^^^^^ tne manner orov.ow ov ine t,r« oarwraon ot T«,e 35. Uniteo States Coae *ii2. i acKnowieooe me autv to a.saos* ««Kmnon wmcn ts maienai 

' x^^^^t^ " fiMu.at«ns ^156 wn.cn oecam. o«weeo tne tmng date ot tne onor aD0.K:at«,n ana tne natKyuu or PCT int«n««orta. hi«>g oate 



o 



lAppeicMioo Senat No t 



(Filing Oaiei 



(Status: oaienteo. pending, aoanoofteai 



Senal Nat 



(Filif>g Oatet 



^Staius: paientaa. penairtg. an»naorma> 



POWER OF ATTORNEY: As a named inventor. I heretsy appoint the following anomeys (Registration No.) to prosecute this aoptication, recetvo and 
~&n?«r?^SM?^1 ^E'^^J???!: l^^^^^ business in the Patent ana Trademark Office connected therewith. HARVEY B. JACOBSON. JR. 
^ucSJ2?.oa ^x^SS^g^li^^i^^^^^ HOLMAN (22,7B9). MARVJN R. STERN (20.640); MICHAEL R. SLOBASKY (26.421); JONATHAN 

SCHERER (29. 851): STANFORD W. BERMAN (17,909); IRWIN M. AiSENBERG (19,007)- WILLIAM E PLAYER (31 409) 



S£NO CORRESPONOENCE TO. 



JACOBSON. PRICE, HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington, O.C 20004 



DIRECT TELEPHONE CALLS TO; 
rpraase usm Arrcyner * Oock9t no.) (202) 638-6666 

JACOBSON, PRICE, HOLMAN & STERN 




o 

CM 



RESIDENCE i 
CITIZENSHIP 



) POST OFFICE ADDRESS 

:he 

FAMIUY NAME 
CITY 



NTRY OF CmZENSHIP 

iennanv 



STATE on FOREK5N COUNTRY 

(3er55anv 



POST OFFICE 
AOORESS 



FULL NAME' 
OF INVENTOR 



NTRY OF CmZENSHtP 



i POST OFFICE ADDRESS 

dnfl imrwea 2B 

> FAMILY NAME 

1 TFS^Am 



^QUNTRYOF 

Gerroany 




TATE OR COUNTRY 

MIDDLE NAME 



D- 



RESfOENCE 4 
CITIZENSHIP 



crrv 



STATE OR FOREIGN COUNTRY 

Germanv 



POST OFFICE 
ADDRESS 



j POST OFFICE ADDRESS 

"~""":asse 19 



COUNTRY OF CmZENSMtP 

GSiriany 



crTY 

(Sottinaen 



STATE OR COUNTBY 

C5ennany 




I turtfter oectare tnat all stmnm maoe nerein ot mv own itnowwoge are true and that ail szs*mwns mao« on .ntormaton 
maoe wnft tne knowMooe tnat wwfui tats* statements ana tno i.ke so maoe are ounisnaoi* ov nn« or imonsonmem or r>Qin 
wddul taise staiemem* mav tMOVotza tne validity ot the aooucation or any patent tssuing 



and tmtet are oeneveo to oe true: ano furtner mat mese statemerKs were 
under seaion 1001 ot Title 18 ot the united Statas Code: and ttiat sucn 



SIGNATURE OF INVENTOR 203" 




A4(SttN>nai tnvanfors an nanwo on — of t wy num&ered tneeta attactwi nerato. 

JPH4S 1992 7/92 (COPYING WITHOUT DELETIONS PERMITTHD) 



-■-u PATENTS. .NCLUOING DESIGN 

r-B APOtjCATION BASED ON F»CT 
-AfliS CCNVENTION 0« NON PBIOWrTY 



DECLARATION 
AND POWER OF ATTORNEY 

as,A. 



-OH ATTORNEYS* USE ONLY 
ATTDRNEYS* DOCKET NO. 

i0496/P58S4l:.^^ 



'fJ^^aZ?^'^ •nvwnor. i aBc^m mat res.a»nce ocsi on.ce aacress ano ciizensn-o ar« si««o o*ow n«t to rrv name me inTOfn,aT.on even ner«n .s tru. mat I 
insr wntcn is c:aim»c »na wr wntcn Dat»m is souom on me invention emittea 

A METHOD Al^D A DEVICE FOR THE EVALL\-,TION OF BIOPOLY.MJR FITNESS 



mat I am tn* onqtnai. 



CM 

o 



ffn,cr\ t% aeicnooa ana aainwi m 
anacneo soeoticatioft 



X PCT intemaiionai Aootication no PCT/EP94 / 00117 



'ns 5D«crTic»ion m aooticatton Senai No 
ijf aoDiicaoio ana amenoeo on 



■e<3 



Jan. IS, 1994 



-areov sia» mat i nav» r«.»«««i ana unoemami me conwms ot tne aDov«.H«m«.,o so«:mcai«n». mc.ua.nq me aa.m, as amenoea ov any amenarmim rer.frM » 
acunowiWM irw outv » otsoos* .momtaiKJo wncn « matenai to oatemaoiutv as aenneo m T-t)# 37 Ccae ot Feoerai Reauiattons. ^t SS. 

-^efwjv Claim toreton ononiv emms unaer Tttle 3i Unne<j States Coae ^ti9 of arrv rorefon aooi 
iDDucatujfl tof oatatit or tnv*raar % c«nine«» navtnq a tiunq aats oetofe tnai or tne aooiicaiKHi on 



St tor oatem or invemof s cemncate itsiea oetcm ana nav* atao 
oriornv is c aimea 



b#iow any loman 



en 



="or Pofeion AQoucaoonist 



^umo•rt 

PCT/EP93/ 01291 



Germany 



I Coumrvi 

PCT 



18/1/93 



P 43 42 703.0 



. jmoert 



Germany 

Countfvi 



;;;avtMonin/Year ^naoi 

22/5/93 

Oav/Momn/Year t-iteai 

15/12/93 

DawMontn/reaf hueoi 



res 



X 
•'es 



^4o 



No 



•.7«K^^n tne n^^s^^^ ''^^^ °' .steo oe-ow ana .nsora, as tne suo.ea matrer m eacn or tn, o. tn« «««««« i, 

a«^^t.tT^^ °* • ^ States Coce .ii2. . acKnow^ooe tne ourvto ou«^\ ^ on i^ni^ n ^.' 

"n,s flMu.at.ons. «,i^5 wn»cn oecam, ava,i«», o^meen .n» imno aata or tne or.or aoo.«ai«,n ana tne nat«n« or PCT im«n«nn« mng oata 




NO t 



<tr>9 Qatai 



:^:atus: oatanteo. oenoinq. 



NO I 



.rtitng Oat*» 



lotauiK oaiftntM. Derxiing. aoanaorwcu 



■"^'.^^ ^ "^'"^ inventor. I hereoy aooomt the foiiowino anomevs (Reaistration No.) to prosecute this aooucation. receive ano 

' f^^vD^QUGi^^ ^ TraaemarK Office connecteo tnerewitn. HARVEY a UACOBSON, JR. 

^X^kS^ f2Q ^"^^"^ ^20.640): MICHAEL R. SLOSASKY (2a421); JONATHAN 

TT SCHEHER (29, Sol): STANI=ORD W. BERMAN (17,909): IRWIN M. AISENBERG (19,007^; WILLIAM E, PLAYER (31 ,409) 



JACOBSON, PRICE. HOLMAN & STERN 
400 Seventh Street. N.W. 
Wasftinqton. O.a 20004 



-iHcCT TELEPHONE CALLS TO. 

Dt»Ms» us» Attamm^ a Ooaim Noj <202) 638-666 5 

JACOBSON. PRICE. HOLMAN & STERN 



nvBntonsi nam» must inctuoe ar laast one unaooreviateo first or m?aaia name. 



CM 



-•JLL NAME* 
OF INVENTOR 



FAMM.V NAME 



MIDDLE NAME 



residence & 
c:t:2ENSh»p 



SXATE Oa FOREIGN CC^-'NTRY 

Germany 



CM 
O 



POST OFRCE 
ADDRESS 

FULL NAME" 
CF INVENTOR 



COUNTRY OF CmZENSMIP 

Germanv 



cmr 

Gott±naen 

POST OFFiCE ADDRESS iyiaX*~PlanCK~ C'TV 

Insi:ifet -f ur Bioohvsxkalische Chgnie,.-in Fassber cr^SoS^gm^Wmanvi D^l^l 

FAMILY NAME ^ - jvg^ naM£ 

rianfrea 



MIDDLE NAME 



mESIOENCE & 

c:t:2ENSHip 
post office 

-uORESS 



CITY 

Gettrnaen- 



TATH OR FOREK3N CC-JNTRY 



-#TATE OR R 

Gerrranv 



POST OFFICE ADDRESS 



"^fettinaen 



COUNTRY OF CntZENSHIP 

German^ 



' Zip CODI 

D-3707? 



=ULL NAME" 
CF 'NVHNTOR 



o 



FAMILY NAME 



jiVEN NAME 

Karsten 



■MIDDLE NAME 



= ES;0£NCE & 
C;':Z£NSHlP 



cmr 

Erkrat±L 



STATE OR FOREIGN CC'-NTRY 



COUNTRY OF CmZENSHIP 

Genranv 



50ST OFRCE 
iODRESS 



POST OFFICE ADDRESS 



ZlVf 

Erkrath 



STATE OR COUNTRY 

Germanv 



•urthef oeciare tnat ail %tmmnmnm mao* n arw m or mv own mnowmoom arm irum ana tnar an TT-rr«m. r... _ 

■aoa w«n rne tinowMooa irut wwtm taia* «iat**~m. a^T.^-V!?^ siat«m««s m» ©n .mormatwn ano oeiiet are oeneveo to oe rrue: ana runrw mat thm* statemm ware 



StGNATURS OF INVENTOR 201' 



SIGNATURE CF 'NVENTOR 202* 



SIGNATURE OF IN 




IR 203" 



Aoamonai inveniorv are iwrtM on w moa tm mn numaarao snaats aitaenao r>arato 
JPH4S t992 7/92 {COPYTNQ Wm^OUT DELETIONS PERMITTEOi 
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-LL PATENTS. INCLUDING DESIGN 

-OP APPLICATION BASED ON PCT 
=Afl)S CONVENTION OR NON PRKDRnV 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



FOR ATTORNEYS* USE ONLY 
ATTORNEYS" DOCKET NO. 

1Q496/P58S41>;[A 



•'fst%''naTo» m^n'^^.^nlf^^* res.cien« ocst on.ce aoaress ana cmzensnro are statea oe.ow next to rrv name me mtormat.on q.ven nertn .s true, mat t t>e>«v« in« I «m m* onom«. 

-aner wmcn is ciaimea ano tor wnicn oaient is souont on tne invention emmea '^^^ — ^---'-r- 



CM 
O 



wnicn IS aescnoea ana ctaimea in 
"^e attacnea soeatieation 



-~ PCT tmernaitonai Aooncaiion No 



_ :ne soecmcation in aopncation Senai No 
lit aooiicaoiei ana amenoea on 



filed. 



. nereov stale mat i nave r«v*«wM ana unoefstano tne coments ot the at>o«Moemttiea soecmcations .ncrua.no me aaims. as amenaeo ov anv amenamem reterma to am. 
acKnowieaoe tne autv to atsoose imormanon wnK:n is matenai to oatemaoHttv as aeiinea in Title 37 Coae oi Peoerai Reoutattons. §1.56. 

Ln^«.olT/rr^" ^ ''^ aD0ieai«D«5» tor oatem Of .nvemoc s cert.t.cate hstea oeiow ano nave ai» oemrtMO bmom anv fonngn 

aoDiicanon tor oatem or invwror s camncata navino a tmng oats oetore tnai or tne aootication on wnicn onontv ts caimeo- 

=nor Foreign Aop.«««n,., 



CO 

o 



Numoer) 


iCoumryr 


3avyMontn/Year Fueoi 


Yes 


No 


NumDen 


iCoumrvt 


lOawMontn/Year Fueot 


Yes 


No 


"-.umoert 


iCountfvi 


tuayfMomn/Year hueai 


Yes 


No 



-Ot a?^cSr^n ?ne nr^.n^%.J '^'^^ °' aootKration,,, ..steo oe.ow ano. .nsorar as ine suo.ect maner o* eacn ot tn. ctaim. ot th« aDO«»on «i 

■0 Da rm?^trarae oroviOM ov tne hrst oaraaraoft ot Title 35. Un.teo States Cooa. ^112. 1 acKnow«wae tne auiv to a.scK»a «»rm«K)n wnK« « in«.r,.. 

4 mTaooucat^ R<«u«t.ons. ^i56 wh.cn oecam. ava.«o« o««««n tne tmno aat. ot tne or.or aooiicai.on ana tne natKma. or PCT imemauonai mn^ a«e 



t Application Serial No t 



(FtlioQ Oatei 



tStatus: oaienteo. oenoinq. aoanoonaai 



(Appt ca noo Serial No t 



(FtUng Oata) 



^Status: oaiemea. penoing. aoanoonadi 



rgOWER OF ATTORNEY: As a namea inventor. I hereby appoint the following attomevs (Registration No.) to prosecute this apoiication. recede and 
~ f4^ or..'"?^^'.^?^^ ^ransaa ail business in the Patent ana TrademarK Office connected therewith. HARVEY a JACOBSON, JR. 

^^°co»c2v°p°,oa ^.^S^^^^ ^^^^^ HOLMAN f22.769). MARVIN R. STERN (20.640); MICHAEL R. SLOBASKY (26.421): J0NAT;4AN 

Q. SCHERcR (29, 851); STANFORD W. BERMAN (17,909); IRWIN M. AISENBERG {19.007); WILLIAM E. PLAYER (31 ,409) 



SEND CORRESPONDENCE TO 



JAC08S0N. PRICE. HOLMAN & STERN 
400 Seventh Street. N.W. 
Wuhtngton. O.C 20004 



QiRcCT TELEPHONE CALLS TO: 
'pmasm us» AttamaY'a Ooeitmt no.) (202) 638-6666 

JACOBSON, PRICE. HOLMAN & STERN 



' Inventons) name must induda at least one unaoorevtated first or middle name. 





OF INVENTOR 


PAMILV NAME 


GIVEN NAME 

Ulo 




MIDDLE NAME 




o 

CM 


RESIDENCE & 
CiTIZENSHIP 


t cmr 

' Tallin 


STATE OR FOREIGN COUNTRY 

Estonxa 




COUNTRY OF CmZENSHIP 

I^stonia 




POST OFFICE 
AOORESS 


. POST OFRCE AOORESS 

Tedre 24 


cmr 

Tallin 


1 ^TATE OR COUNTRY 

• Estonia 




CM 
O 
CM 


FULL NAME' 
OF INVENTOR 


i FAMILY NAME 


GIVEN NAME 




MIDDLE NAME 




RESIDENCE & 
CITIZENSHIP 


! CITY 


STATE OR FOREIGN COUNTRY 

Sweden 




COUNTRY OF CmZENSHIP 

Sweden 




POST OFFICE 
ADDRESS 


! POST OFRCE ADDRESS 


crrY 

_5olna 


, STATE OR COUNTRY 

Sweden 






FULL NAME' 
OF INVENTOR 


FAMILY NAME 

' STOKE 






MIDDLE NAME 


n 
o 

CM 


RESIDENCE & 
CITIZENSHIP 


i CITY j 


STATE OR FOREIGN COUNTRY 

Germany 

©ttingen 




COUNTRY OF CITIZENSHIP 




POST OFRCH 
ADDRESS 


^ ^f^^S^^ilh 36 1 




COUNTRY 





'-naSTtlim'Jiie ««owHK>oe are true ana tnat all atatamwns maae en .ntomwmon ano o««« are oeiieved to oe true: ana turtrw mat m«» stai 

Ta L «atiZ^!^^ " '"^^^ Dunisnao* ov t,ne or .monsonrrwrn cr oan. unoer sact^ 1001 of Title 18 ot the unrted Stat- Cooa: a 

wiiitui latse statemema may racoaraixa tne vatioitv of me aooication or any patent issuing tnereon 



were 
ana mat sucn 





SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203' 


DATE 


DATE 


DATE 



nun*o«reo sneets aitacttea neraio. 
JPH&S 1992 7/92 (COPYING WITHOUT DELEHONS PERMITTED) 
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-'-.L PATENTS. INCLUDING DESIGN 

r.^a APPLtCATION RASED ON PCX 
-ARiS CONVENTION OFI NGN PfllORrrV 



DECLARATrON 
AND POWER OF ATTORNEY 

as. A. 



=Ofl ATTOnNEYS' USE ONLY 
ATTDRNEYS' DOCKET NO. 

10496/P58841I^ 



^ a oeiow nam»a invwmor. i aeav mat mv resiaence ocst o^icb aacress ana cnizensnto are staieo oeiow next to mv name tne •'-or-Pation aiven neretn ts true, mat i tMiM mat i am tfw onainai 
jst ana soie inventor itt onty onm name is «stea at 20i Detow. or a • rsi ano toint inventor tu oturai invemors are nameo oewm at aa 1-203. or on aaoitionai snems aitacnM fwr«o» ot tna tuoi«a 
anar wmcn is ciaimea ano ♦or wnicn oatent ts souont on !'"e irwemion entmefi: 



MHtcn IS aescrioeo ana ciaimM tn 
"9 artacnea soeotication 



?CT International Aooitcation No 



. 'ne sDecmcation tn aooiicatton Sertai No 
I if aoDticaoiei ana amenoeo on 



'i&reoy state mat 1 naw revwwM ano unaefstano me comems ot tne atxjve-^oemifteo soecitications. inciuoina me ciaims as arr.enoea ov any amenomem r«t«rr«d to aoow. 
acunowieoge tne auty to oisoos* intormaiioo wmcn is matenai to oaiamaoiittv as oetinea m Title 37 Code ot Feaerai fleouiaiwns. §t^S. 

■ rierwjv ctaim toreiqn pnorrty benems unaer Title 35. Uniiea States Cooe. §119 ot anv torsion aDoiicaitomsi tor oaiem or nventor s cefHTKiaw nstao tMKiw ana tiawe aiso KwmthM owow any loretqn 
aaoiMMtion tor oatam or tnwemor • cemticate naving a tmng aaia oerora tnat or the aooiication on wnicn oriontv is c:a.meo 



o 



Prior Foreign Appttcanonst 



Pnonty ClaunM 













Numoer» 


. Country) 


JayiMontn/Year rtieat 


Yes 




Numoert 


• Coumrvi 


[Oav/Montni¥eaf Ffeot 


Yes 


No 


\ufnoer» 


Countrvi 


Day/Montn/Year r^-ieoi 


Yes 


■^o 



-ereov ciafm tne oenetrt unaer Titie 35 Umteo States Cooe *t20 of anv umteo States aooiicatiomsi i.steo oatow ano tnsotar as tne suoiaa maner or eacn ot me aaims ot mt* aooiication « 

ine_manner orov«3eo ov tne tirst oaraaraon ot T,tie 35 Uniiea States Coae. *!12 ■ scxnowieoge me outv to aisctose irtiormaiion wnwi « matertat 

rtiing oate or tne onor aootication ana me national or PCT imemauonai ttiing oate 



oatentaoimv as oattnea tn Title 37 Coae ot F^oerai fleouiawoos. *i-56 wnicn oecame avaiiaoi* oerween me 

jWir.; z: THIS aoDiicat«n- 




{Appiicaiion Serial no i 



(Filing Datat 



.stanii' oaiemeo. penaing. aoanooneat 



(Appacanon Svm no i 



(FHtng Oat0» 



vdiatua: oaientea. penoinq. aoanoonadr 



[.SOWER OF ATTORNEY: As a namea inventor, t nereov apDOint the foiiowing attorneys (Registration No.) to prosecute this aooiication, receive and 
-^1^ rr .'"^'^^^.Z^ ^'!lJir^ transaa ait business m the Patent ano Trademark Office connected therewith. HARVEY a JACOBSON, JR. 

A?^L^L5-rH?H?^ PRTCE (24.514): JOHN CLARKE HOLMAN /22.769), MARVIN R. STERN (20.640): MICHAEL R. SLOBASKY (26,421); JONATHAN 
SuHERER (29, 851); STANFORD W. BERMAN (17.909): iRWIN M. AISENBERG (19.007). WILLIAM E PLAYER (31 .409) 



5£ND COHRESPONOENCE TO 



JACOBSON. PRICE. HOLMAN & STERN 
400 Seventn Street. N.W. 
Washington, O.C 20004 



uiHECT TELEPHONE CALLS TO; 
(piaasm use Aoomm^ s Ooact no.} (202) 638-6666 

JACOBSON. PRICE, HOLMAN & STERN 



!nvonioris» name must inchJd* at least one unaoorevtaieo ttrst or middte name. 





FULL NAME' 
OF INVENTOR 


1 FAMILY NAME 

1 RPTTr^MRYER 


; GIVEN NAME 

1 Michael 




MIDDLE NAME 


o 


RESIDENCE & 
CITIZENSHIP 


i CITY . 

' GottLnqen 


1 ^j^^RBGN COUNTRY 




CQLINTRY OF CmZENSHtP 

Gerinanv 




POST OFFICE 
ADDRESS 


1 POST OFFICE ADDRESS j crrv 

' H;^nnr^7'f?rsr:he^ Strassel34' Gottinaen 


: STATE OR COUNTRY 1 TIP mng 

■ Germanv 1 D-=37oT7 




FULL NAME* 
OF INVENTOR 


1 FAMILY NAME 

1 SIMM 


i piySNblAME 

1 wbif Qanq- 




MIDDLE NAME 


CM 

o 


RESIDENCE & 
CITIZENSHIP 


1 CITY 


I STATE OR FOREIGN COUNTRY 

t Ge333Eianv 








POST OFFICE 
ADDRESS 


1 POST OFFICE ADDRESS 

Steinf lm:weo- 2B 


: 1>Ssdorf 


. ^^^COUNTHV ^J^^ 


r> 
o 

CM 


FULL NAME" 
OF INVENTOR 


• FAMILY NAME 






MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


[ cmr 

' nnt-.f-.i naen 


1 STATE OR FOREIGN COUNTRY 

' Ciemanv 




COUNTRY OF CmZENSHIP 

Gfeniiany 




POST OFRCE 
ADDRESS 


1 POST OFFICE ADDRESS 

■ '•nh-jp^atxasse 19 


1 CTTY 

' Gottxnaen 


i S?ATE CH COUNTRY I ZE CQB£ 

1 Geifnany tHSJOT/ 



'^'iZZ.?^!^V^!^L!^^ •-rwwHKioe are true and tnat ai» statements maoe on mtormation ano tmm are oei*veo to oe true: ana iunnmr tnat tnese statamems were 

««J^r^rJJ^!l^^ ounisnawe t»v t,ne or imonsonmem or t>om. unaer section lOOi ot Title 18 of the unttad States Cooe: ana mat sucn 

viiitui raise statements may reooaroize ma vaiiatty ot the aootication or anv patam issuinq tneraon. 




DECLARATION 
AND POWES Of ATTORNEY 
U.S.A. 



-OR ATICRNEYS' USE ONLY 



PATENTS iiNCLUDING DESIGN 

r-a AFPL'CATON &AScD CM PCT 
-APtiS CC.NVc.MriON OR NON PfifOPrTY 



TOf^NEYS' DOCKET NO. 

10496/P58S41MA. 



a oetov nam*a inv«mor. t c«c:a/« iiat mv cesjaence ocst cnice aacre-ss ar.s citiiensn'O af« siatea o«iow oe«t to mv ngiie tne imormaiion civen n^retn is true, man t t>ait«v« ir.«i i am in«orM3mat. 
• rsi ino soi« (rw«-itor f«# oofv onm n»fri« ts u««a at 2Gi Ce'0*«t o* a ' rji arc icint inventor tit c:urai ifrrtmofs are nam»o d«iow at cr cn accrttonni $n*«a i«tacn*3 rwmot 0( (ft* «uot«cl 

— saer wntcn ts ciaim»o »na lor wmtcn ozteni re souant on ine tnveii»on 

A yiETHOD Au^D A DEVICE FOR THE EV^ALUATION OF BIOPOLYrlER FITNESS 



*nicn ts aescnoeo arKJ aaun«a in 
an«cn*a SMcttication 



^ ?CT Intwnaiior*! Aoosicauon No PCT/ EP94 / 00117 



'HA so«cnica[ton m aoot^anon &ef>ai no 
iir aoo(tcaoi«t *na am»r»o*a on 



'BO. 



Jan, 18, 1S94 



'i«f«ov siata tnat t hav* twwwvo ana unaerstano tne contents of !n« aoov»'«ogmdwa so«cittcatiocis. tnoucmo me ciaifns as annenaod ov anv am«nam«m rewrso to aoav«. 
acKnowf«aa« tt>9 dvity lo otscioM tnrofmatiort wntcn rs matsnat to cai»mai3mrv u aeftn«a m Tttt» 37. Coae ot Feoerat Recutartons. sif 5. 

*>«r*Ovcta<m loratgn QfKXitv o«n««rts unaar fifie 3£, Untteo Statas Cooe. ^1t9 o( artw ftx^fon aootiCAttonist tor oa^em ar c^mor s cenirtcata ustac oetow ano nav« mtso KMntrftad t>«4aw anv lorttgn 
aoooextton tor oacant or mvwmor « cannteata navirKi a tinnq oat* 0«ror« mat or m« aooJication on wnicn ortontv »s cratmea 



f=or»iqn Apoiic«nontst 

P 43 01 005.9 



PCT/EP93/01291 
P 43 42 703.0 



Gennanv 



18/1/93 



iCoum/vi 

PCT 



.Coutwrvi 

Germanv 



Coufltfvt 



./avMontruYear meai 

22/5/93 

■ Oav/MomruYear rneai 

15/12/93 



No 



ves 



X 

T05 



NO 



No 



'caov ctaim in« canam unaar Tm« 3S Unitao Staies Coos ^120 ot anv u^itao Statas aooocafiomsi itstea oeiow ano msorar as ms suoiaci matrar or aacn ot tna aaims o( mts aoo*ic>tnn ts 
- ^ Oiscjosao m tna orw Unitao SUtas aooiicafion m tne mannar orov»cao ov tna tirst oaraoraon or Ti(!« 35. Unctao Staw Cca&. *»ii2. l aCKnowwaooa ma Otrtv to Oisoosa mormaiioft wnien is matanai 
i eatamaouiw as oaimao m Trtwi 37. Coca oi P*o#fti haooiations. 9*56 wfMcn oecam* avaiwoi* oaowaan ina tmna oata ot me onor amxication ano tna nrntorua or PCT imamawQaai tuin^ oata 
;* tnis aoo<*cation: 




■ApQiicaiion tMOal no t 



PttriQ Oaiai 



t:3Utus: oaiamao. oenatng. aoanoooaai 



[Afiokc tn on danai No i 



(rn«ng Oaiat 



tSiaius: oaLaraao. oonamg, aoanoonaoi 



pOWEH OF ATTORNEY: As a namec tnventor 1 heretjy aoooint the following attorneys (Reqtstration No.) lo prosecute ttiis aootication, receive ana 
"act on instructions from my agent, ana transaa atl business tn the- Patent ana Trademark Office conneaea ttierewith, HARVEY B. JACOBSON, JR. 
j2a8Sll: D. DOUGLAS PRICE (245UV. JOHN CLARKE HOUAAN 122.769). MARVIN H. STERN ,'20,540): MICHAEL R- SL03ASKY (2a421): JONATHAN 

:l. scheber (2a ssd: Stanford w. berman <i7509>: irwin m. aisenberg (19.007); william e. player C3i .409> 



S=JJO CCRBeSPONOENCe TO. 



JACOBSON. PRICE, HOLMAN & STEHN 
400 Seventn Street* N.W. 
Wasfttngton. O.C 20004 



CiflcCr 7cU£?HO*6 CALLS TO: 
{ '0Ja«sa usm Attommr * Ooc^ t*Q.t 



I 



(202) 638-6663 
JACOBSON, price, HOLMAN & STEHN 



"rvemoffsi name must indudtf «t teast ono unaoorevtateo tifst or mtocto name. 





PULL NAM6' 
OF INVENTOR 


I FAMILY NAME 

'T^TrTrra 


; Rudoxr 


1 MIDDLE NAME 




o 

tH 1 


RcSIOSNCE & 
CITIZENSHIP 


1 cmr 

'Gottinaen 


i STATE OR FOREKaN COUNTRY 

. Germany 


1 COUNTRY OF CITIZENSHIP 

' Germanv 






POST omce 

ADDRESS 


I POST OFFTCE ADDRESS M^X-PiaaCk-rCrrY _ . ' STATE, OH COUNTRY | Tip rOnF . 

■Tnstitut fur Bxoohvsxkaiiscne Chenu-erAm Fassberg,&)ttJLngen,Gem^ D-37U77 






FULL NAME' 
CF (NVENTOR 


t FAIUllLY NAME 

*EIGE^ 


'.,QlVE«£NAMe 

■Jiantrea 


I MtOOLE NAME 

( 




C3 
CM 


PEStOENCE & 
C:TTZENSHIP 


1 CITY 

' Gorrrnaen- 


, -5TATE OR FOREIGN COUNTRY 


i COUNTRY OF CmZENSHfP 

i Gei^nanv 




t 

r 
i 


POST OFFICE 
iOORESS 


f POST OFFICE ADDRESS 

rii=iorTT— rv=ih "i o— V'f=v-|- 1 d 


^ttinaen 






1 tn 


FULL NAME* 
OF INVENTOR 


. FAMLY NAME 


G.VEN NAME 

Karsten 


MIDDLE NAME 




I c 


=ESlOeNCE & 

c:t:2SNSHip 


i crrY 

•Erkrath 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CmZENSHfP 

' Gerrranv 




1 

1 

1 


POST OFFICE 
AOORESS 


\ POST OFnCE ADDRESS 


crTY 

■Erkratii 


. STATE OR COUNTRY 1 ^/^.CQDE 

: Germany D-40699 





•uftnar oactara tnat «U statacnams maoa na^atn ot mv own «now»«oo« ara trua ano mat ati statcmam? mao« on mformatton ano oaiial ar« o«i»aveo to o« trua: ano luftnar mat tnasa statamants wara 
-aoa w»in in« Rnowtaooa tnat wuitut tatsa statamams ana tna ii«9 $o maoa «fa ourwsnaof* Ov tin« or imoraontnant or tjotti. unoar saoion lOOl oi Titia 18 ot ftw Unttaa Stataa Coca: ano trtat lucn 
•■•MM taisa ixaiacTMWM* m«v laooarauo ma vat»0(tv ot tna aooncation or anv tutam tssuino tneraon 



1 SiGNATURE OF INVENTOR aOT" 

? 
J 
1 


SIGNATURE CF INVENTOR 202" 


SIGNATURE OF INVENTOR 203* 


1 ..1 1 , ■ 

! DATE 

i 


DATE 


DATE 



Adoivuit tnwntors ara namaa on aaoaraiafv o umo afo snaat a attAcnao n*ra«0- 

1992 7/92 ^COPYt^#a WTTHOUT DELETIONS PERMfTTEDl 



Paae 2 of 3 



DECLARATION 
AND POV/ER OF ATTORNEY 
U.S.A. 



ALL PATENTS INCLUDING DESIGN 

-OP APPLICATION fiASED ON PCT 
^'A.FitS CONVENTION OR NQN PPlORfTY 



FOR ATTORNEYS' USE 0«LY 

attorneys' docket n'o. 
10496/P538411::LA 



a ostow nameo invenw. t oeoAT* mat mv resiaeice ocst onice aocress ana citizensrito are stat«a oeiow next to <tv name me imorfnaiion even nefem 's true tnai I be'«av mat 4 am tn« ortqtnai. 
*;rsT ana sote tnv«mof (it ontv one name is MStea at ^1 oeiowi or a 'irsi anc toim mvenior tit oturai inventors are nameo Detow at 20V2C3. or on accitionai sneeis jttacnea rwetoi Ot tna tuotect 
'"aner wmcn is c;a;meo ana »of wnicft oatent is souant on me tnvention enimeo 



CM 
O 



ivntcn IS oescfioea ana ciaimeo m 
"e anacnea SDecrfKratton 



PCT international Aooiicaiion No 



the SDecitication in aooticatKin Senai 
w\ appiicaoiei ana amerviM on 



Me<J. 



• nsreov State ir^at t rtaw r«vtaiw«o «no unaerstano me contents ot tne aoove-*oemiti«a soacittcattons. mciuama tne ctaims as amenaeo Dv any amenamenit reterrea to uxm- 

acKHowteogo tne duty to oisciOM intormation wntcn is material to oatentaonttv as aefin«a tn Tdie 37. Code ot Federal Regulations. §156. 

I nereov ctaim foreign pfKXitv tMneftts unoer Title 35. United States Code §119 ot artv ttxeton eooiicaiiorNSt lor oatent or inventor s ceniticate listed oeiow ana nave atsa oentitied tWKW any toretgn 
aoDttcaiton tor oatam or inventor • camttcate navmg a tiling date oetore tnat or \t\% aooucazion on wn»cn ortority is ctaimea* 



o 



^rior Foreign Apottcstiono) 



Prxxtty Claimeo 



Numoen 



(Country) 



'^umoart 



{ Country t 



iCounirvt 



Jay/ Montn/ Year Filed) 



(Oav/Monm/Year Fueoi 



tuay/Montn/Year Fiieo) 



Yes 



Yes 



No 



NO 



so 



"ereov Claim tne Dsn«m uno«r Tute 35. United States Coce §120 ot any united States ftooiicattorwsi iisteo oeiow ano insofar as tne suoiect maner ot eacn o( tne cuunft o< tnts aooucaiion 19 
*3t disclosed in tne ortor unned States aoottcaiion m me manner orovioea ov me ttrsi oaraor»on of Title 35. United States Coae. ^112. 1 acKnowteoge tne dutv to cisctos* mormeiton wntcn n maienai 
:a DatenttDiitty as oetinM tn Title 37 Cooe ot Federmt Beouiations. ^i^€ whicn oecame rrMf nre oetweew me tiimg oate ot tne onor aootication ana tne natonai or PCT tntemmionai mmg date 
~i tiis aooiication: 



s:4 O 



lAopucation &er*«i no t 



(Filing Oater 



(Status: oatentea. t}erx)tng. aoanooneoi 



(ApQticsnon Serial No I 



(Filing Oatai 



(Status: oaientao. oanotng. aoanoorteot 



POWER OF ATTORNEY: As a named inventor, t hereoy appoint the foUowing attorneys (Registration No.) to prosecute this aopUcation, receive and 
„act on instructions from nry agent, and transact ait business in the Patent and Trademark Office connected therewith. HARVEY B. JACOBSON, JR. 
320851); D. DOUGLAS PRICE (24514); JOHN CLARKE HOLMAN (22.769K MARVIN R. STERN (20,640); MICHAEL R. SLOBASKY (2a421); JONATHAN 
L SCHERER (29, 851): STANFORD W. BERMAN (17.909); IRWIN M. AiSENBERG (19.007); WILLIAM E, PLAYER (31 ,409) 



SEND CCaRESPONOENCE TO 



JACOBSON, PRICE, HOLMAN & STERN 
400 Seventh Street. N,W. 
Washington, O.C 20004 



DIRECT THLEPHONE CALLS TO: 
fp/easa usa Anomav's Doact no.) (202) 638-6666 

JACOBSON. PRICE, HOLMAN & STERN 



'Invenions) name must induda at least one unaooreviated fit^ or miOOle name. 





FULL NAME' 
OF INVENTOR 


' FAMILY NAME i 


GIVEN NAME 

Ulo 


1 


MIDDLE NAME 


o 


RESIDENCE & 
CmzSNSHiP 


i crrv 

' T?5llin 


STATE OR FOREIGN COUNTRY 

Estonia 




COUNTRY OF CmZENSHlP 

Estonia 




POST OFFICE 
A00RE55 


i POST OFFICE ADDRESS 

i Tedre 24 


crrv 

Tallin 


listeria "'^'"^ \ES^6Qf3 




FULL NAME- 
OF INVENTOR 


f FAMILY NAME 

1 TArmF:MaRKr;r 


GIVEN NAME 

i Jerker 




MIDDLE NAME 


o 

CM 


RESIDENCE i 
CITIZENSHIP 


! CITY 


STATE OR FOREIGN COUNTRY 

Sweden 


COUNTRY OF CmZENSMIP 

Sweden 




POST OFRCE 
ADDRESS 


i POST OFRCE ADDRESS 


crrv 

' Solna 


i^oR COUNTRY !s-TO^2 




FULL NAME" 
OF INVENTOR 


1 FAMILY NAME 

i STUKE 






MIDDLE NAME 


en 
o 


RESIDENCE & 
CITIZENSHIP 


i crrv 


j STATE OR FOneiGN COUNTRY 

' Germanv 




1 COUNTRY OF CITIZENSHIP 

! (Germany 




POST OFRCE 
ADDRESS 


i POST.OFRCE AClpaESS, 

! Auf der Lieth 36 


eBttingen 





I turthef declare mat ati sxataments maoa rwrem of my own KrK3w>eoQe are true and tnat att stasaments mao* on intormation ano oeiiet are oeiieveo to oe true: and turtrwr mat tnesa siatamarHs were 
maoa witn me KrxTwiaooa mat wtittut taisa statements ar^s tne titce so maoe are ounisnaoia Ov nne or imonsonmeni or ootn. urxiar section tOOl ot Title 16 ot tne uncted Suites Coda: and tnai sucn 
wtiitui false statements may faooaroiza tne validity ot tne aociiication or any patent issuing tfteraon. 



\^GNATUR| OF INVENTOR 201 " 


SIGNATURE OF INVENTCFl 202* 


SIGNATURE OF INVENTOR 203" 




DATE 


DATE 



~ Additional invemort ara namao on saoarataty numoarad aneats attacnad harato. 

0 JPHAS 1992 7/92 (COPYING VWTHOUT 0ELETK3NS PERMrrTEOl 



'4 



Pace 3 of 3 



-lL patents including DES5GN 

APPLICATION SASED ON PCT 
:aS(S convention or NON PfllORrTY 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



t^OH ATTORNEYS' USE ONLY 
ATTDRNEYS' DOCKET NO 

10496/P5884m 



^r^^nT^Z^Z^'^T"' ' ^estaence ccsi cr.CB aacress ana ciizensn.D are siateo oe-ow ,o mv name tne -mormat.on even nere.n .s true. tn« . twn^v tnai i am rwi onctna.. 

-aner wmcn is ciaimeo ana lor wn»cn catent is souam on tne invention emttiea w ir>« 



CM 



A^mcn IS aescnoea ana aajm«a in 
"^e anacnea soociticaTon 



PCT Intern at Kjnat Aooiication No 



ma SDOcttication in aooncation Senai No 
lit aopticaDiei ana amenoea on 



Med, 
Med. 



. loreoy staw tnat ) nav, rvvtMO ana unaeretano ine comsms of the aDov»Ha«mit,ed soeciiicaiiona. .nciucma me ctaims as amenceo ov anv amenomem retwrea n «oov«. 
acttnowtooqa tne outy » otsc*<»» rtmnnaiion wnnrn is maienai to oaientaomtv as oeiineo in Title 37 Ccaa ot Feoerai Reouiauons. §t56. 

^"^ °* aoo.Ki««n.si Kx oaiem or .^^«,mor s cen.ncate (isteo imktw ana nave ..so ««mM 

aooJication tor oatam or iftv«f«or s caniticate navino a hunq aate oetore mat ot tne aooiicaiion on wn^in orwnv .s ciaimeo 

Pnor Poreign AoDiiCationts) 



Mmr any korvign 



CO 

o 



Prtofity Clamrwj 



Numoert 


tCountrv) 


JayMontn/Year Fuedi 


Yes 




Numoart 


iCountryi 


lOav^Montn/Year Ftteat 


Yes 


No 


\umo«ri 


.Coumrvt 


3avrMontn/Yflar f ueai 


res 


NO 



-.T n!^.«ir^„?nV^.«Zrc. "^"^^ °' ^'^^^ aoo.«ai,o«s. «sr« oeio* ana .nsorar as tne suo.ea maner or eacn ot the caims at tn« aoomon .5 

■o o«^,«T« oZU^.^^^^ orovio^ ov tne i.^ oaraaraon ot T.t.e 3S. Unn« Star« Cooa. acKno*««oe tne omv to a.soosa «or™«n wn-^^T^.. 

tnTsToT.^^ "^^^ rteauiations. ^156 wn«:n oecam. ava,«o» o«w,»«» me uunq oate ot tne onor aooiication ano tne naiK>na. or PCT ,m.m«uon« i^ng date 



O 



(AopHCKion Senm No i 



iFtiing Oatai 



(Staius: oatanted. pending, aoanoooaoi 



(AppieaDon S«nat N0.1 



(Status: patentea. penatng. aoanoofiMi 



POWER OF ATTORN EY: As a named inventor. I hereby appoint the foHowmg anomeys < Registration No.) to prosecute this application, receive and 
=4^fir.v'"? n^^.?*^ ^""^ ^rsnsaa atl business in the Patent and Traaemark Office connected therewith. HARVEY a JACO8S0N. JR. 

4^wp«a°,^^.'^SSEg^J^tl^^^ ^^"^^ HOLMAN (22,769), MARVIN R. STERN (20.640); MICHAEL R. SLOBASKY <26.421): JONATHAN 

f. SCHERER (29, 851); STANFORD W. BERMAN (17,909): IRWIN M. AiSENBERG (19.007); WILLIAM E PLAYER (31 .409) 



SEND CORRESPONDENCE TO. 



JACOBSON, PRICE. HOLMAN & STERN 
400 Seventh Street, N.W. 
Washington, O.C 20004 



( DiRECT TELEPHONE CAU-S TO; 

1 fpw«M t/sa Attom&y s Dockmt No.) (202) 638-€66o 

i JACGBSON, PRICE. HOLMAN & STERN 



•Inventotisj name must inctobe at least one unaooreviated first or middle name. 





OF INVENTOR 


FAMILY NAME 

RPT>r^TRYP:R 


GIVEN NAME 

Michael 




MIDDLE NAME 


0 

C4 


RESIDENCE & 
CITIZENSHIP 


CITY . 

Gottincren 




COUNTRY OF cmZENSHlP 

Gi^^iany 




POST OFRCE 
ADDRESS 


POST OFRCE ADDRESS 


CITY 

Gottinaen 


1 STATE OH COUNTRY j tip fnrtc 

= Gejrmanv ' EH37DT7 


C4 
0 


FULL NAME* 
OF INVENTOR 


FAMILY NAME 


SIVEN NAME 

vfoifcranq 




MIDDLE NAME 


RESIDENCE & 
CITtZENSHtP 


CITY j 


STATE OH FOREIGN COUNTRY 

Gemanv 




COUNTRY OF CmZENSHlP 

(jerinany 




POST OFRCE 
ADDRESS 


POST OFF«;e ADDRESS 

Steinf lurwecr 2B 


Rosdorf 


STATE OH COUNTRY j ZOfi^ODE . 

' Germanv ! CK5 /124 


r) 
0 


FULL NAME* 
OF INVENTOR 


FAMILY NAME 






MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


crrv , 


STATE OR FOREIGN COUNTRY 

Germany 




COUNTRY OF CmZENSHlP 

Germany 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 

Gottinaen 


i SXATE OR COUNTRY 1 <JQD£ 

1 Germany D-37077 



I (urttw oectare tnat ail statamm maoa n^wn ot mv own •tnow*Mc« are true and tnat all statamams mao* on Knormanon 
,-nao« witn tne Knowiem tnat wiirtui tais* statenwnts and the iitte so tnaoe ar« ounisnaote Ov nne or .moRsonmenf or ooin 
willful tatsa statements may rmarotza tna validity ot the aooKcauon or any patant tsauing tnereon 



and tMxet are oeiieved to oe true: and turtner tnat tnasa statamants were 
under section 1001 ot Title 18 ot tne unned States Cooa: and mat sucn 





SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203' 


DATE 


DATE 


DATE 



mienowwi sn««tB atutcnao narato. 
JPH&S 1992 7/92 (COPYWQ WITHOUT DELETIONS PERMrTTEO) 



DECLARATION 
AND POWER OF ATTCnNEY 
U.S. A. 



^=0R ATTDRNevS' USE ONLY 
ATTORNEYS* DOCKET N'C 

10496/P58S41M^ 



-ll patents, including design 

- - ^ APP'. .CATION BASED ON PCT 

^iflfS cCMvewrroN on non ppfOPrrv 

-[ A METHOD AMD A DEVICE FOR THE EVALUATIO:: OF BIOPOLYJIER FITHES3 




*oicn IS oescnoM ifto ciaim«a in 
inacn« scwciticatioo 



^ ?CT lnte*^atwoai Aooncauon No PCT/EP9 4/0G117 

'n« soeciiication in aooitcanon Senai Mo 

(it aoottcaotsi ana amarvooo on 



' :e<J. 
Med. 



Jan. IS, 1994 



owu^rv^uvrniuvci 5o«a!icat»ons inctueina tne ciaims as a.-n«naoa Dv anv amefwrrwm r«t«fTeo to «£X3v». 
acKiww^oe trm amy » o»aos« rnnxmatKm wn<n « matena. to oaiemao.HW « ae«neo m T.t.e 37 Ccca c i^era. fieou.at«>ns. ^t-a 
' •>«feov Claim loreiqn onorav t>en«tn» unoer Trtfe 3S. Uniteo Siaws Code 6(13 of anw fnr«». •«..™^— 



en 
o 



='tof foremen Apoiicaxionfst 



Sumoeft 

PCT/EP93/Q1291 

Numo«n 

P 43 42 703.0 



Germany 



iCouoirvi 

per 



18/1/93 



PrtorttY ClaMnao 



.Coumrvi 

Gennany 

.Countrvi 



SavMoniruYear i^tteoi 

22/5/93 

15/12/93 

lawMomn/Year irt»eai 



X 

Yes 
X 
Yes 

res 



No 



NO 



No 



-efeov oaim rne D«n«m vnamr frt.« 3S un<tea States Cooe ^120 of anv uniteo States aooticationi<i m^.m , 

•3 oatemaomw as aafK»« « Title 37 Coce o. H«»f« fleoutations. ^ii6 wnKrn oecair* a^«^ o-^^ '»"2- ' awncmmaqe me oiiWioai3«« r«ofTT««t w««».,m«i.r«^ 

: • inis aooitcwwn- «va»K»« oerw^n tne fmna aai* ot tne enor aooiication ana tne n«iton«i or PCT irnemaiianei ncmq oaia 



O 



.r-tif>g Date) 



status: oatemec. oeoainq. aDanooneoi 



tAop«c«aon ^>«nai no i 



taiartrt: oatemea. oenaing. aoanooneoi 



tfS^^'^^^^S^^^^^^^ (aa«,,: JONATHAN 



iENO CGRBESPONOENCe TO. 



JACOSSON. PRICE, HOLMAN & STERN 
400 Seventh Street. N,W. 
Washington, O.C 20004 



-«acCT TELEPHONE CAi_LS TO. 
'Omtsm usm A«omey-« Ooctcat No.i (202) 63S-6663 

JAC08S0N, PRICE, HOLMAN & STERN 



'invemofTsi name must incftxio at least one unaooreviatea first or miccate name. 



o 



FULL NAME' i FAMILY NAM6 



QIVEN NAME 

RiaaoiF 




G 
04 



o 



POST OFFICE 1 POST OFFICE AooREss Max-PlancK- a-v = ' GeP"anv 

»ooREss : X.... ^-t -f^jr BSohvigkalis'che Chgnie^fim Fassber^, SSl^^^bennanyl i^lJ^- 



FULLf4AMe* j FAMILY NAMe 

CF tNVENTQR t ETGEM 

RESIDENCE i. i ^-jy 

CITIZENSHIP 1 Getairngen 



■ffinfrea 



I MtOOLE NAME 



POST OFFICE 
iODRESS 



I r^I^PSJ^OREKSN COUNTRY 



FULL NAME" 
OF INVENTOR 



! POST OFFICE ADDRESS 
FAMILY NAME 



5ottinaen 



COUNTRY OF CmZENSHIP 

Germany 



rWTRY 





RESIDENCE i 

c:t:zensh»p 



i CITY 

Erkrat±i 



GIVEN NAME 

Karsten 



MIDDLE NAME 



! ZIP CCS£ 

D-370f5 



STATE OR FOREIGN COUNTRY 




POST OFFtCE 
ADDRESS 



I POST OFFICE ADDRESS 



; COUNTRY OF CfTlZENSHIP 

' Gerrranv 



CrTY 

Erkrath 




STATE OR COUNTRY 

Germany 



b-fo^l 



■ <unf»ef oectare inat ail st«t«nw«« mm ner^n ot my own «now«K»e are true ano tnat ati statem«m« m.«- ^ 
-aoe wttn tne KncMoqm wutM tats* statements ano tne i.<ce so maae are oun.*n«i- «3 •"'omtation arxs o«im* ere oetieveo to oe true: ana turmer tnat tnes* tta:wn«nts were 
-THiiui tais« >tatem«its mav fMoma tn« vaHamr of tfte aooi«tion or anv patent mer^^ ""onsonmen, or ootn. unoer swnion lOOi ot Title 18 ci tt«i unneo States Cooe: ana tnai sucn 



SIGNATURE OF INVENTOR 201 



DATE 



SIGNATURE CF 'NVENTOR 202" 



DATE 



SIGNATURE OF INVENTOR 203' 



DATE 



AOOitionai mventor* ar« nmmma on ••oarasetv fH jmo er eo sneeta anacf>«a 

JPH&S 1992 7/92 rCOPYWQ VVTTMOUT DELETIONS PEHMnTEOl 
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DECLARATION 



AND POWER OF ATTORNEY ?or attorneys- use o«uy i 
U.S.A. 

^LL PATENTS. INCLUDING DESIGN ATTORNEYS* DOCKET NO. ! 

-Oa APPLICATION SAScD ON PCT 10496 /P58S41ISIA ; 

=4RIS CONVENTION on NON PRIOflfTY ' -~ 



As a D«iow nameo invwntof. I fleciara tnat mv resiaeic« ocsi orrice aacress ana cittzensnio are siaieo oepow next lo rrv na^ie ne m'txmaiton qiven nere^n (s true, tnai I Deii«v» mat i am tn« oooinat, 
'irst ana soie inventor tit onty on» name is iisiea at 201 ceiowi ex a "rst ana lorni mvernor iit oiurai invoniors are nameo oe»ow at or on aaonionai sneets Ktacnea rwwot ot tna suaect 

"^anof wmcn is ciatmeo ana tor wnicn Daiem is souant on me trtvemion emmea 



o 



*n(cn ts oescnoeo ana oaimea in _" ?CT InternaHonai ADOucauon no Med. 
. •.'^fl anacned soecitication - soecitication m aooiicawn Senat No Meo. 



(if aoottcaotei ana amerxsea on. 



' nereoy state tnat l have revteweo ana uncerstano tne contents of tne aoowft-^oemitied soeciTicaitons. inciuaina tne ciaims as amenoeo Ov any amenament reterrea to aoow. 
- acKnowieoge ine auty to Otsciose intomriadon wnicn ts matenat lo oaiemuiiitw as aeiineo in Tttie 37. Code ot Feaerat Reouiaiions §156. 

I nereov ciatm toretan priomy benerits unaer Titte 35. Umtec States Code. §119 of any toreign aooiicationtsi lor oaient or inventor s cenmcate tisteo oeiow ana nave aiso loentttted bwm any loretgn 
aoDiicaiion tor oatsnt or inveniar t ceniticata navmq a tiling oate oaiore tnat ot tna aooticaiion on wntcn priority ts ciaimeo: 

Prior Foretgn AppiicaiiorKsl Pnorny Claimed 



CO 

o 













iNumoer) 


tCountfV) 


Oay/MomrvYear fneoi 


- Yes 


n'o 


(.Numoen 


:Countryi 


{Dav^Montn/Year Fiieoi 


Yes 


NO 


Numoeri 


iCountrvi 


iDay/MontrvYear Kit«ai 


Yes 


No 



-eretjy ciaim the oenetrt unoer Title 35 United States Cooe §120 ot anv united States aooiicaiiorvsi nstea oeiow ana msoiar as tne suoiect maner o* eacn of the daimt ot tna aooueaiion »s 
-o! atscioseo in tne onor Untied Sutes aooiicaiton m me manner orovKied ov tne urn oaraqraon of Title 35. United States Coae. ^112. 1 acunowteoge tne dutv to aisciosa eitormaiion wnicn is maienai 
to oaieniMtiitv as defined m Title 37. Coae ot Feoerai Reoutations. whtcn oecame avaiiaoi* eetvwee o tne turng aate oi tne onor aooticaiion ano ine national or PCT imemauonai fumg aaie 
ot this aootication' 



lAppiicttion Serial No i (Fifing Oatei (Sums: oaientaa. oenotng. aoaixxmeai 



(Application Senat No.) (Ftttng Oate» tStaut: patented, pending. aoanooM) 

POWER OF ATTORNEY: As a named inventor. 1 hereoy appoint the following attorneys (Registration Na) to prosecute this application, receive and 
act on instruaions from my agent, and transaa alt business in the Patent and Trademark Office connected therewith. HARVEY B. JACOBSON, JR. 
320351): D. DOUGLAS PRICE (24^14); JOHN CLARKE HOLMAN (22,769). MARVIN R. STERN (20,640): MICHAEL R. SLOBASKY (2^421); JONATHAN 
SCHERER (29, 851); STANFORD W. BERMAN (17S09): IRWIN M. AISENBERG (19,007); WILLIAM E. PLAYER (31 ,409) 



SEND CORRESPONDENCE TO. 



JACOBSON. PRICE, HOtJAAN & STERN 
400 Seventh Street. N.W. 
Washington. O.C 20004 



DIRECT TELEPHONE CALLS TO: 
fp/eas* us* Aaammf '% Dockm no.) (202) 633-6665 

JACOBSON, PRICE. HOLMAN & STERN 



'Invflmoris^ name must tnctuda at (east one unaoorevtaiea first or mioote name. 





FULL NAME' 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 

Ulo 


MIDDLE NAME 


o 


RESIDENCE 4 
CITIZENSHIP 


CITY 

Tallin 


STATE OR FOREIGN COUNTRY 

Estonia 


COUNTRY OF CITIZENSHIP 

Estonia 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Tedre 24 


Tall m 


1 ^ATE OR COUNTRY 

! Estonia 






FULL NAME* 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 

Jerker 


MtOOLE NAME 


C4 
O 
CM 


RESIDENCE 4 
CITIZENSHIP 


CITY 


STATE OH FOREIGN COUNTRY 

Sweden 


COUNTRY OF CmZENSHtP 

Sweden 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 

Solna 


, STATE OR COUNTRY 

= Sweden 






FULL NAME ' 
OF INVENTOR 


FAMILY NAME 

STUKE 


iliVEN NAMG 

Michael 


MIDDLE NAME 


CO 

o 

CM 


RESIDENCE & 
CITIZENSHIP 


CITY 

r;o-htinaen 


STATE OR FOREIGN COUNTRY 

Germanv 


COUNTRY OF CITIZENSHIP 

(jermanv 




POST OFFICE 
ADDRESS 




^ttingen 




r>?!f8f7 



t fuftfter declare tnat aJi staiements maoe neretn ot my own Knowwope are irue ano tnat ail statements maae on intormaiton afw oettef ar* oeiieved to oe true: ana turmer mat these statements were 
maoe witn tne krK>wieade that wiiHtil false statements and tne ntce so maoe are ountsnaole ov tina or tmonsoninent or txjth. urwser seoxan lOOl ot Title 18 ot the United States Code: ana mat sucn 
Miiitut fats* statements may feooaroiza ine validity ot tne aooiication or any patent tssutng tnereon. 



SIGNATURE OF INVENTOR 201 ' 


. SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203" 


DATE 




DATE 



1 Additional tnveniora are nam*a on s e o ei ate ty numtiered sne*ts anacnao nerato. 

S JPH4S 1992 7/92 (COPYtNQ WTTHOUT DELETIONS PERM I 1 1 bO > 
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-i_L PATENTS. INCLUDING DESIGN 

'-Z^ A PP». I CATION BASED ON PCT 

= 4flfS CONVENTION OR NON PRtORfTY 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



-OR ATTORNEYS" USE ONLY 
ATTDRNEYS' DOCKET NO. 

10496/P58841:;:?. 



^^^^o^Z^^u^'JJ^ZZ'!! ""^ '"""^"^n, ^"""^ c.uzensn.o ara statea neiow n«t to mv name me .morn^a.on o-ven neretn ,s true, mar I i«.m»v mat . am trw ooo^na.. 

-.rT^iTlm^n 177.71!^ on^' one nam, .s i.sma ai 20i De.ow, or a t.rst ano m .nvemor ,„ oiura. ,nv«nto« are nameo DeK>* at 2G1.2C3. or on aaciuona, snee« ««acn«o nereto, ol ine suoiea 



o 



/trmcn IS cescnsea ana ctaim«o in 
anacneo SDeofwation 



?CT International Aooitcauon no 



'.na SDeciticaiion <n aooiicaion Senat No 
ui aoottcaoiai ano amerwea on 



nereoy state tnw I nav* reviMo ano unoerstano me contents o( me aoovMemtiiM stwciticaiions. inciuatnq me claims as amenaeo dv any amencment rererrvo » «Dov«. 
acKnowteoqo tn« auty to oisctos* intormation wntcn ts matenai to oatentaoittTv as ae«f*M m Title 37. Cocie oi Feoerai Reauiations. §t 56. 

: nef«ov Claim tore^ prmfity benefits unoef Titie 35. United States Code. §119 of anv tore^ aocMicaiionfsi lor oatent or inventor s ceniticate listed oeKw ana nave .iso wnrtiwl tJM, any tortiqn 
aooiicaiion tor Datent or im«o«or % cemticate navmg a tiling oate oerore mat or me aocwcauion on wnicn onontv ts ciaimeo: 

-nor Fcr«gn ApoiK««nc.| 



o 



Numoer> 


tCountrvi 


Oay/Monm/vear Fueai 


Yes 


No 




iCountfyt 


iOav/Montn/Year Fireai 


Yes 


No 


'♦umosft 


Xounifvi 


.Oav/Monm/Year Ftioci 


res 


No 



"'o^sr^nTi^^^n^si « ^''^^ °' ^^•^ «»iK:ai.o«s» ..steo oeiow ana. ,nsoiar as me suoiea manec or eaci» ot ,h. c««» ol m.. ««,«tKyi -s 

-'oa^«~triro2^«Tit1^^^ tne manner orovia^ov me .,r« OMoraon ot Tme 35. Unned States Cooe. ^M2. i acKoow^ge me auiv to ctsooM »onn«»on wf.«n a matena. 

- m*,^^,^ fieQu«t.ons. t,t55 w«n^ oecme »«.«o« oeT*«Hi .ne in.ng aate oi tne onor aooiKraiion ano inm n««n« or PCT intemaiwnai filing caie 



o 



tAppuotion Senmt no i 



(Status: oatenteo. cenatng. aoanoonoai 



(Appit ci oow Serial Not 



(Ftkng Oater 



(StaUts: caiemea. oerxung. aoanoorteoi 



, POWER OF ATTORNEY: As a named inventor, i hereby apooint the following attorneys (Registration No.) to prosecute this aopiication, receive and 
n^-S^r.^'^^^^ftJi^ transact ait business in the Patent and Trademark Office connected therewith. HARVEY B. JACOBSON, JR. 

^rf °f5wi:=po°/^ HOLMAN (22,769), MARVIN R. STERN (20,640); MICHAEL R. SLOBASKY (2a421); JONATHAN 

.^L. SoHERER (29, 851): STANFORD W. BERMAN (17,909): IRWIN M. AISENBERG (19^. WILLIAM E PLAYER (31 409) 



SEND CORHESPON06NC£ TO. 



JAC08S0N, PRICE, HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington, D.a 20004 



OlRcCT TELEPHONE CALLS TO. 
ipnasm asm AfTomer'a Ooorer moj (202) 638-6666 

JACOBSON, PRICE. HOLMAN & STERN 



inveniorts> name must inctud« at least one unaooreviatod first or mtoaie name. 



o 
04 



FULL NAME' 
OF INVENTOR 



FAMILY NAME 



GtVEN NAME 

Michael 



MIDDLE NAME 



RESIDENCE & 
CITIZENSHIP 

POST OFRCE 
ADDRESS 



) cmr . 

j Got-tinqen 



I 



REIGN COUNTRY 



I POST OFFfCe ADDRESS 



NTRY OF CmZENSHIP 

^ermanv 



34 



cmr 

Gottinaen 



( STATE OR COUNTRY 

! Germany 



FULL NAME* 
OF INVENTOR 



FAMILY NAME 



O 



RESIDENCE & 
CITIZENSHIP 



crrv 



I ewENNAME 

i vfoTf gang 



MIDDLE NAME 



POST OFFICE 
ADDRESS 



POST OFFICE ADDRESS 

duflurwecr 



STATE OH FOREIGN COUNTRY 

Gersianv 



NTRY OF CmZENSHIP 



COUNTRY OF 

Gerrnany 



^sdorf 



STATE OR COUNTRY 

Germanv 




UNTRY OF CITIZENSHIP 



I tuftrw oaoare tnat an swiements mm neretn of my own itnowieage are true ano tnat att statemems maoe on mtormatmn 
mace wim tne knowme mm wmUM taise statements ana the i.ke so maoe are DunisAao«e ov tine or .monsooment or ootn 
-«.ifui false statements mey feooefoize the vatioity of tne aooitcatton or any paiem ssumg mereon 



and &et(et are oettevea to oe true: ana turmer mat mesa statements were 
unaer seciion 1 001 of Title 18 of tfie unitea States Code: ami ttiat stjcn 




AooAionei i n ve nto r s ere nemea cm ■eo—sieiy numoerea sneets attact>eo 
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-ll patents ..scluciwg design 

- - ^ APPL'CATICfV EASED ON PCT 
-AfllS CC.MVeNTtGN OR NOM PPIORrTY 



DHCLARATION 
AND POV/EH OF ATTORN£Y 
U.S.A. 



-OH ATTORN EYS' USE ONLY 
ATTORNEYS' DOCKET NO 

i0496/?58S41M^ 



o 



A METHOD A:vD A DEVICE FOR THE £VALUATIQII OF BIOPOLYriER FITMSS- 



rtTitcn IS aescnoeo «na ctaimva in 
inacn« so«citic*tM3n 



tniernartonai Aooncanon no PCT/EP94/0Q117 

. -na so«cincai«3n m aooticaioft Seriai no 

it( aoodcaotei «na ameno»o on 



_ Jan. IS, 1994 



.er«v «at. m« . mv. cv.^ ano unaerstano tna comam* oi .na aoova^,,,^ so«:«^««, .nc:u*no tn« aa.ms as am^noea ov any amanomam rata^ » «do«. 
acxnowHKJoa ma <j«tv to oooom tnrormaiion wn<n « matanat lo oatamaoitrtv as cenn«a ki r.tia 37. Coca or Feoera. fleoutaiions. ^^ 55. 
I naraovctatm (txa^pn onontv o«n«m3 unoaf TtHe 3£ Umted States Cooe «tl9 of anv idtmr >nni.^.t.n».. «*■ 



o 



^'tor f-of e r o n Aooticasionfsi 

p /II 01 nns.Q 



%umoar» 

PCT/EP93/ 01291 
P 43 42 703.0 

jmoaft 

-eraov Claim in» eaf»am 
:i Qisciosaa m rn* onor 
> oaiamaoitirv as oannao 
inis aooiicaton: 



Gentianv 



1 Country) 

per 



18/1/93 



■ Coumrvi 



Germany 



.Caumrvt 



Jav/Momn/Year Ftteai 

22/5/93 

OawMomrvYear Fitaat 

15/12/33 

CawMontn/Yaar Fttaot 



Yes 

X 

X 

fas 



No 



No 



No 



o 



.Aooucaxion S»nm no i 



i"iiog Oaiat 



iciiams: oaiamaa. t>«nainq. acanaon«ai 



No t 



inting Oatai 



(Status: oatamao. oenomg. aoanoonaoi 



5£N0 CCRRESPON0£NC£ TO, 



JAC08S0N. PRICE, HOLMAN & STERN 
400 Seventn Street. N,W. 
Waslimgtan. D.C. 20004 



tnvontoftsi nam« must mctuo* «t teast one unaoorevtated first or mtoafe name. 



-.RECT TELEPHONE CALLS TO. 
j 'owasa asm Anomaya Oaacmr No.i (202) 633-6666 

JACOBSON, PRICE, HOLMAN & STERN 



o 



FULLNAMC- : FAMICV NAME 
OF INVgNTCH t PTC?" 



GrVEy NAME 



MIOOLE NAME 




POST CFRCE 
^ODRESS 



POST OFFICE AOOflESS 



Gottinaen 



i COUNTRY OF CITIZENSHIP 

= Germany 




FULL NAME' 
OF INVENTOR 



FAMILY NAME 



RESIDENCE & 
c:t:zenship 



cmr 

Erkrath 



GrVEN NAME 

Karsten 



MtOOLE NAME 



1 ZIP CC2C£ 

D-37075 




^TATH on FOREIGN COUNTRY 




POST OFFTCE 
AOORESS 



POST OFFICE ADORESS 



; COUNTRY OF CmZENSHtP 

• Gerrnanv 



zrvf 
' Erkrat±i 




. STATE OR COUNTRY 

■ Germanv 



' •urthar oactara mat an swantra maoa nmn ot mv own .nowwjoa ara trua ana tnai an au>«MrT» m:.n* ^ ^„ — 
-aoa wiin tna knowtaooa mat wuifui tats* statamams ano tna i«k» so maoa ara oun,*r^ntm ^ZllT" ™- *"'<>""3!ioo ana oaiiat ara oetwwea to oe iroa: and rurtnar mat tnasa siatamams wwa 
-„.4iui faisa staiafnama mav taoomra tna vaiiaity of tna aooiicatton or anv oat*m ..^TTJ, .V- ^ tmonsonmani or ootn. unoor section X0Q\ of Titia 18 ot tt^a on«aa Stasaa Coca: ano tnaj aticn 




_ Aocmonmi nvantora ara naflM on aaoaraaiv nufno««a snMta attacnM nwato 
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DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



FOR ATTORNEYS' USE ONLY 



ALL PATENTS. IMCLUOING DESIGN 
r.-.p APPLICATION BASED ON PCT 
=AR1S CONVENTION OR NON PRIOPrTY 



ATTDRNEYS* DOCKET NO, 



10496/P58S41M 



7k 



As a Derow nameo invemof l aeciar* tnai mv resioence cost onice aocress ana citizensnio are staiea oetow n«xT to rrw name me iniormauon qtven neretn 15 true. :nat \ Dfliwv* inai 1 *m tr>% onoinai. 
• rsT ana soie invemof (tt ontv oo« name ts "Siea at 20i oeiowi or a nrsi ana tomt inventor tn oiurai invemcxs are nam«o oetovn at 201-203. or on aoaitionai sneets anacnea n^rmot ai tn« nitnect 
'•'aner wmcn ts ciatmea ana lof wnicn caiam fs souam on me invention smitfea 



CM 
O 



z^nicn IS oescnoea ana cutmao tn 
_ '"e anacneo soeoficatton 



PCT Internat»onat Aooitcatton No 



_ iha soectticaiion m aooncation Serial No 
(if applicaolet ana amerHJeo on 



Med. 



■ nereoy state tnat I have rev*ewo ano unoersiana tne contents of me aoove-4oent)*iea soeciiicaiions. incmaino me ciaims. as amenoed Oy any amenoment retetreo to 

acKnowtedoe tne autv to dsciose rniorniatton wntcn is material to Datentaoiiitv as aeiineo rn Title 37, Cod» ot Federal Heoutations. §156^ 

I fiereov ciaim foreign pnomy oenams unaar Title 35. United States Code. §tl9 of anv toreiqn aooitcaiiofws) »of oatem or inventor s cenmcate tisted beiow ana nave atso oenutted oeiow arry fcxeign 
aooitcatton tor oatent or inventor s c«nti»caie navmg a imng aata Detore tnat ot the aooticaiion on wrucn orioruy »s c>aimed 



r5 
o 



Prtor Foreign Aoplicaiionisi 



Pr»omy Claimed 



'Numoeri 



(Country) 



tNumoeri 



(Country I 



Numoer* 



{Country I 



Jay^Montn/Year Fttedt 



(OawMontn/Year Fiieoi 



iDayrMofrth/Year Ftteai 



Yes 



Yes 



las 



No 



No 



No 



-oreov Claim the Denetit urxser I me 35 United States Code §1 20 of anv united States aooiicationisi txsteo oeiow ana msotar as tne suoiect maner ot eacn ot tne ctaims ot trws aooMcaiion is 
-ot drsctosed in tne onor United Sutes aooiicaiion tn tne manner orovioeo ov tne tirst oaraqraon ot Title 35. Unitea States Coae. ^112. 1 aCKnowieaoe tne duty to aisaose w wrrwawn wthoi is maienat 
■o oatemaoiiitv as aatinea in Tuie 37 Coca o* Fedarat Hedutaiions. §t56 whit:f! oecame avaitaoia oenwan tne tmng oate ci tne onor aooncatun and me nationat or PCT tntamaiianai tnng date 
this aootication: 



O 



(Apoiication Sertai No 1 



(Filing Oaiai 



(Status: oatented. oervsing. aoanoonao) 



(Appit ca a w n Sariai hq.i 



(Filing Oatet 



(Status: patented, oenaing, aoanotxtao) 



POWER OF ATTORNEY: As a named mventor. I hereby appoint the following attorneys {Registration No.) to prosecute this appUcation. receive and 
L act on instructions from my agent, and transaa ati business in the Patent and Traaemarx Office connected therewith. HARVEY a JACOBSON, JR. 
J|2a851): D. DOUGLAS PRICE {24^14); JOHN CLARKE HOLMAN (22,769), MARVIN R. STERN (20.640): MICHAEL R. SLOBASKY (2&421): JONATHAN 
=: U SCHERER (29, 851): STANFORD W. BERMAN (17,909): IRWIN M. AISENBERG (19,007); WILLIAM E. PLAYER (31 ,409) 



SEND CORRESPONOENCE TO 



JACOBSON, PRICE. HOLMAN & STERN 
400 Sevemn Street. N.W. 
Washington, D.C 20004 



DIRECT TELEPHONE CALLS TO: 
(pmasa usa Attoamy's Oockat No.) (202) 633-6666 

JACOBSON, PRICE. HOLMAN & STERN 



'tnventorts) name must tnduda at least one unaoorevtated fir^ or middle name 





FULL NAME* 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 

Ulo 


1 


MIDDLE NAME 


o 

CM 


RESIDENCE & i 
CmZENSHtP 


cnnr 

Tallin 


STATE OR FOREIGN COUNTRY 

Estonia 


CQUI^TRY OF CmZENSHiP 

Estonia 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Tedre 24 


CITY 

Tallin 






FULL NAME' 
OF INVENTOR 


FAMILY NAME 


GIVEN NAME 

Jerker 


MIDDLE NAME 


CM 
O 
CM 


RESIOENCE & 
CITIZENSHIP 


CITY 


j STATE on FOREIGN CC'^NTRY 




COUNTRY OF CmZENSHiP 

Sweden 




POST OFFICE 
ADDRESS 


POST OFFTCE ADDRESS 


cnv 

Solna 


: STATE OR COUNTRY | ZlPjCpCLE 

^Sweden iS-17132 




FULL NAME* 
OF INVENTOR 


FAMILY NAME 

STUKE 


1 niVENNAME 

i Michael 




MIDDLE NAME 


tn 
o 

CM 


RESIDENCE & 
CITIZENSHIP 


cmr 


1 STATE OR FOREIGN COUNTRY 

' Germanv 




COUNTRY OF CITIZENSWP 

Germany 




POST OFRCE 
ADDRESS 


POST OFfTCE ADDBESS, _ _ 

Auf aer Lieth 36 


SSttingen 





I funfw declare tnai all statamama maoa twrein ot my own Know*eaa« ere true and tnat at) statamants mao* on mrormanon and t>eiiat are oetievea to oe true: and turtner tnat mas* sutamarits were 
made witn tne Knowteoga mat wutM tatsa statements ana tne uKa so made are oumsnaoia by tine or imonsortment or t»tn. unoer seaon 1001 of Title IB of the United States Cooa: and tnat sucn 
wiiUul falsa statements may reooaroiza tne validity ot the aooiication or any patent issuing thereon. 



SIGNATURE OF INVENTOR 201* 


SIGNATURE OF INVENTOR 202' 


\SiaNATURE OFiNVENTC^SOaVj 


OATE 


DATE 





Z Addtnonat inventors are nanwo on l eoa rt a i y mifnoarao snaats attacttad rwrato. J Q / 

z> jPHiS 1992 7/92 (COPYING WTTHOUT DELETIONS PERMriTEO) 
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DECLARATION 
AND POWER OF ATTORNEY 

as.A. 



-LL PATENTS. INCLUDING DESIGN 

■ TP' APP».(CATtON EiASED ON PCT 
-ARIS CONVENTION Ofl NON PfllORfTY 



FOR ArronNEYS" USE ONLY 
ATrORNEYS' OOCKCT NO. 

10496/P5884l:^ 



a oetow namao inventor. 1 aeciar« mat mv resiceice Dcst cnice aacress ana attaensmo are stateo o&iow next lo mv na'T^e 'i© «mormation qiven neretn is tru«. mat I oetivw mat i am tn« oooinai. 
• rsi ana soie mvwntor (it onty one name ts imeo at 201 coowi or a ^ rst ana loim invemor tir oturai inveniors are namea ai 201-203. or on aaaitionat sneets ettacnea neceioi mt tuotea 

~*anef wmcn ts ciatmeo ana toe wmcn catem ts souont oi f^e invennon entnieo. 



CM 
O 



vvntcn !s aescrioea ana ctaimeo m 
:'^e anacnaa soecthcaiion 



PCT Imemaitonai Aooacation No 



. tne soeciTicatton m aooncation Senai No 
(if aooucaotei ana amenoao on 



Med, 
Med. 



. leroov state tnat l have revteweo eno unaerstano tne contents or ine aoove-Kiemitteo soeciitcattons. mciuotno tne ciaims. as amenoed ov any amenamem reterreo to aix»e. 

acKnowieoqe tne duty to oisctose mtormaiion *nK:n is matenai to oatemaomtv as aeiinea in Title 37 Code ot Feoerat Reouiations. §t se. 

! nereov ctaim foreign pnonty benefits unoef Titte 3S. United States Coae. §119 of any toretan aooiicaiiontst tor oateni or inventor s ceniticate listed oeiow ana nave aiso loentitied oetow any •owgn 
aoDitcation tor oatem or inventor • ceniticate navmg a uunq oaie oerore mat of the aooiicatfon on wnicn prioritv »s caimeo 



Prior ForB]qn Appt«cation(s) 





'Numoari 


tCountfV) 


OayrMomn/rear ^neai 


o 










Numoert 


.Counovt 


(Dav'Montn/Tear P»9ai 




Numoen 


.Coumivi 


.Dav^Montn/Tear ^-neoi 



Pnomy Clatmed 
Yes Uq 



Yes 



No 



No 



-ereov ciaitn tne oenem under Tttie 3S Umteo States Coae §i20 ot anv umteo States aooticationtsi tisteo oeiow ano msotar as tne suoiect maner ot eacn ot the aatms o« tms acoticanoo « 
-ot otsctoseo in tne onor United SutM aooiicauon .n tne mannet ofovaao ov tne tirst Daracjraon ot Titie 35. United Saies Coae. «n2. i acKnowieoae tne dutv to atscios* mtormaiion wnicn is maienai 
:3 oatentaottttv as oeMn«d lO Title 37 Cooe oi Peoerai Reeutations. §156 whicn oecante avaitaDw oetwMn tne tittno oate ot tne orior aooitcatton ana tne national or PCT imemaiionaj tittna oaie 
zt tms aooticaiton- 



o 



(Aopiication Senai No i 



{Filing Oatet 



iStaius: oaiemea. penoing. aDanooneat 



(Appticanon Swwi Nat 



(Friing Oat«i 



iStaius: oaienteo. pending. ao«noon*d» 



POWER OF ATTORNEY: As a namea inventor, t hereby appoint the following attorneys (Reatstration No.) to prosecute this application, receive and 
^^„f ct on instructions from my agent, ano transaa aU business in the Patent and Trademark Office connected therewith. HARVEY a JACOBSON, JR. 
M2a851); D. DOUGLAS PRICE (24^ W): JOHN CLARKE HOLMAN (22.769), MARVIN R. STERN (20.640); MICHAEL R. SLOBASKY (26,421); JONATHAN 
ni. SCHERER (2a 851); STANFORD W, 8ERMAN (17:909); IRWIN M. AISENBERG (19.007). WILLIAM E PLAYER (31 .409) 



3£NQ CORRESPONDENCE TO. 



JACOBSON. PRICE. HOLMAN & STERN 
400 Seventn Street. N.W. 
Washington. O.C. 20004 



1 DIRECT TELEPHONE CAIXS TO; 

rpMS* use Attom9Y 9 Oocicmt No t (202) 63&-6666 

JACOBSON, PRICE. HOLMAN & STERN 



'inv0ntorfs> nams must incftida at least one unaoorevtaied first or middle name. 





FULL NAME* 
OF INVENTOR 


FAMILY NAME 

RHTMRMRYER 


GIVEN NAME 

Michael 




MIDDLE NAME 




o 

CM 


RESIDENCE & 
CITIZENSHIP 


cmr 

CSottingen 


g^jg^gR^^RElGN COUNTRY 




COUNTRY OF CITIZENSHIP 

(jrerrnany 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

Hannrsv-ersnhe^ Strassel34 


CfTY 

Gottincren 


i STATE OR COUNTRY 

' Cermrjny 






FULL NAME* 
OF INVENTOR 


FAMILY NAME 

SIMM 


GtVEfJ NAME 

wolfqaaq 




MIDDLE NAME 


CM 
O 
C4 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 

Gersiany 




JCQUNTRY OF CITIZENSHIP 

Gerrnany 




POST OFFICE 
ADDRESS 


POST OFRCE ADDRESS 

Steinf lurwea 2B 


ISsdorf 


STATE OR COUNTRY 

' (jermanv 






FULL NAME' 
OF INVENTOR 


FAMILY NAME , GrVEN NAME 




MIDDLE NAME 




o 

CM 


RESIDENCE & 
CITIZENSHIP 


CITY ^ 

r;n-h+-.i naen 


STATE OR FOREIGN COUNTRY 

Germany 




1 COUNTRY OF CITIZENSHIP 

G^irnany 




POST OFFICE 
ADDRESS 


POST OFRCE ADDRESS 


crrv 

Gottinaen 





i further declare tnat ail statements made neretn or rnv own *now»mm are true and tnat all statements maoe on tntormatioo and ow«t are oeiieved to oe true; and turtner tnat ttiese statements were 
■naoe wnn tne knowteoae tnat wMiM taise statements and the we so maoe are ounisnanie t>v tine or tmonsonment or ootn unoer sectwrt lOOt of Title 18 of the unrted States Coce: and tnat sucn 
wiiitut false statements may feooarotza tne validity ot tne aooiicaiion or any patent issuing tnereon. 



SIGNATURE OF INVENTOR W1 * 


SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203* 


OATE 


OATE 


OATE 



Additionat tnvemors are nemeo on leovaMfv numoereo tneets aitacneo nereto. 

JPH&S 1992 7/92 (COPYING WffTHOUT DELETK)NS PERMnTEO) 



DECLARATION 
AND FOWEH OF ATTORNEY 
U.S.A. 



-lL patents. iNCLUOlNG DESIGN 

: - a APPL'CATION BASED ON PCT 
-APIS CCMVENTIQN OR WON PRHDRrTY 



-OFI ATTORNEYS' USE O^JLY 
ATTORNEYS' OCCKET NO. 

i0496/?5884m2^ 



-5 4 DAfo^r nam«a iftv*mof. l a»cuf« tnai mv resioencfl ocst <rtsc« aacrei;^ *ria cttiiansnto af» oft)ow next lo rrv ngf-i* tne ir^iormadon qiven nefein ts true, mat t tM»t»«v« tn«t I am tf» onqtnai. 

' rsi ana soie (nv«nror ft* ortiv on» o«mfl ts ustea at £01 ce*crmi or i • tv. ara lOini inventor itf oufai •nv»niors ara namec mkx* at ZCi'ZOS. or on aaortionai sn««t» anactwa fvtfwot « ift# »uo(«<3 
■"aner wmcn is ciaini«o ana lor wmcn oaienr « souant or* I'^e fw^non *«"t!*o 

7 A METHOD AND A DEVICE FOR THE EVALUATION OF BIOPOLYMJER FITNESS 



c 



^rticn IS aescno«a tna cuumM in 
X3Ce anacn«a so«citicaT«3n 



X PCT Iniemaiiona) Aooitcation no P01'/EP94 / 00117 



'n« soeottcatton m aooncatton Senai no 
I if aooi>caoi*t ana am«n<i«a an 



*?ea. 



Jan. IS, 1994 



t9<«ov State mat I nav* rvytawM ano unaarstana in« comtfus ot ine aoov*-H}«ntiti*4 soACtticaiions. inciuama tne ctamns as amcnaoa ov anv amenam«m ret«tT*a *o aooM. 

acicnow*«oo« tn« auty to otsctos* tnformation wmcn rs mai»nai to oai«maoii«tv as o«rinea m Titi« 37. Coos ot Feoerai Aeauiations. ^1:56. 

I n«f*av ctaim toretqn onontv ti ^nmt a untuK Titta 35. Un<tM Statas Cooe ^tl9 ot anv rof»«o n aocxicattorKsi tor oaiem or f^vemor s connicate iistM betow aoo nava aiso lowwrttad bMMr anv tormtqn 
aooocation tor oat«m or inv«ncor s cartiticata navtn<j a rmno oata o«ior* mat ot ma aoottcaiton on wntcn pnornv i$ ciajmea 



crt 
o 



=''W Poraign ApoucanorHst 

P 43 01 005.9 

Surroari 

PCr/EP93/01291 

Numoan 

P 43 42 703.0 

'.jmoari 



Germanv 



18/1/93 



iCountfvi 

per 



.CouRtrw 

Germany 



.Ccunuvi 



22/5/93 

.OavMomn/Tear i^v«oi 

15/12/93 

DawMomrvTaar <^if«oi 



OrKsnry Cia*m»a 
No 



Ves 



Ves 

T©5 



No 



NQ 



-ereov Claim in« D«oam utvMr Ti[i« 35 Unitaa States Coca $120 ot any unit«o Siaias aooucaiioncst Hsteo oatow ana. tnsotar as ma suotact mattar ot sacn ot tn« ctaima at mts aooMcition is 
~z!i oisciOMO m tn* onor Unnaa Stata* aooncation m tne mannar oroviaao ov tn* ur%% oaraoraon ot Title 35. Unrraa States <Jxs9. «U2. i acimowieoae tne autv to aisoos« ano t ma tion wmen ta matenat 
3 caiatitaointv as aefinea m Trtta 37 Cooa ot feaerat rt«<n«a»ons. wmcn oecame av«uaD*e oetwee n tr« tmnts oat* ot irt« orior aoo»cat)on ana tn* naiKytai or (*CT im«m«ian« hting oate 
trtis aootication: 



o 



.Aooucation Senai i4o i 



f -nng Oaiai 



:^tatm: oatenteo. oencmq, aoanooneat 



tAopa ciw n Senai no i 



trninq Oatei 



lataius: patsnteo. oenomg. aoanooneoi 



POWER OF ATTORNEY: As a named inventor. 1 hereoy aoooint tne foHcawing attorneys (Rectstration No.) to prosecute this aopUcation, receive ana 
act on mstrucnons from my agem. and transaa an business in the. Patent and Trademark Office connected tnerewitn. HARVEY B. JACOBSON, JR. 
(20851): a DOUGLAS PRICE (Z^SU); JOHN CLARKE HOLV.AN (2ZreSu MARVtN P.. STERN (20640); MiCHAEL R. SLOBASKY (2&421); JONATHAN 
L. SCHERER (23. 851); STANFORD W. BERMAN (17509): iRW(N M. AISENBERG (19,007); WILLIAM E, PLAYER (31 ,409) 



S£NO CORRESPONDENCE TO. 



JACOBSON. PRICE* HOLMAN & STERN 
400 Sevemn Street. N,W, 
Wasninmon. O.C 20004 



-tRcCT TELErHONE CALLS TO. 
I '0iMs» (fxa Anomeya Ooctrar (202) 63S-6666 

] JACOBSON. PRICE, HOLMAN & STERN 



MnventofTst nant« must mctud* at teast one unaoarevtated first or mtodte name. 





rolX NAME* 
OF INVENTOR 


i FAMILV NAME 

i PTrrrHR 




1 MIDDLE NAME 


o 


FtcSlOENCE & 
CiTTZHNSHIP 


, CHY . 

' Gottinaen 


i STATE OR FOREIGN COUNTRY 

Germany 


1 COUNTRY OF CITIZENSHIP 

' Germanv 




POST oFFtce 

AOORESS 


1 POST OFFJCE ADDRESS Max— PiaxiCk-r cmr 

-Tns1d.tat fur Biornvsikaiische (Zhanie^Am Fassbercr^ 






rULL NAME* 
OF INVENTOR 


I FAMILY NAME 

ieioen 


. JalVEfti NAME 

flanfrea 


\ MIOOLE NAME 

1 


c< 


RESIDENCE & 
C:n2ENSHtP 


1 CITY . 

* G3tl:.maen- 


. -^TATE OR FOREfGN COUNTRY 

^Ganuanv 


1 COUNTRY OF cmZENSHfP 

i c;ermanv 




POST OFRCE 
ADDRESS 


! POST OFFK:e ADDRESS 


C^Y 

"(jottinaen 


ggg^^NTRY '^fj^j^ 




?UU.NAME* 
OF INVENTOR 


• FAMILY NAME 


3IVEN NAME 

Karsten 


, .*i1iOOLE NAME 


!n 
a 


==SlOeNCE & 
C:T:r£NSHtP 


i COY 

■ Erkrat±i 


STATE OR FOREIGN COUNTRY 

fermanv 


; COUNTRY OF CmZENSMIP 

• Germanv 




POST OFFICE 
ADDRESS 


1 POST OFFICE ADDRESS 


crTY 

'■ Erkrat±L ' 


STATE OR COUNTT^Y 1 ^?s9QPA 

Germanv 0-40699 



< •uftner oectare mat «u stjiMiietiu meae nerem ot mv own unoMMooe are true ana tnat ait statetrtems maoe on fntormatton ana oaitet are oetteveo to oe true: and turmer mat tnese statemants were 
~aoe witn tne ttnowieope tnat wunut tatse statements ano tne me so maoa are ountsruot* t>v t>n« or tmortsonment or ixiin. unoer secnon lOOi ot Title i8 ot tna Untted Siatas Cooe: ana tnat sucn 
«tiifut raise statements mav teoo«Rim tne vaiMttv ot tne aooncacion or anv oatent tasuitta mereon 



j SIGNAruRE OF INVENTOR aOf 


1 SIGNATURE OF INVENTOR 202* 


SiGKATURE OF INVENTOR 203' 


1 OATE 


j DATE 


DATE 





Addttioaai iii»e » tors «r* tiemas on a eoeraiawr numoerad m ee t* artacned nereto 
JPH4S 1992 7/92 (COPYING VVTTHQUT OELEHQNS P£RMfTTEC\ 



Paae 2 of 3 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



-LL FATEN'TS :\CL.UDiNG DESIGN 
= -« APOi.lCA7!ON aAScD ON PCT 



PGR ATTCaNSrS' USE ONLY 
ATTDRNEYS* 3CCKET NO. 

10496/P58S41NA 



^ a o«iow namea irwsntof I decta« mat mv resfaence oos: omce aocress ana c.nzensnio ara siai»o oeiow n«xr lo mv name tne .nrormatton erven ft-'-n is true inar I tMtiov* tnat ( am irw oootnai 
• rs: a-w so.e .nvumof nt ontv on« name is iistM at Z0\ Ceiowi or a • rsi anc .o.ni mvemor iit ciurai inventors are nameo oeiov»r at i0l-2Ca or on acctonai snm «nacn»<3 rwwo* ot ma smxea 
— anaf wnicn s c.a.mM ana tor wntcn oaient is souom on ine invention emuieo 



o 



<vnicn ts cescnoec ana caimea in 
■**e anacnea soec»*icatioo 



_ PCT fmernationaj Aooncanon No 



I ha sDeciMcatton m aoottcatton Senai No 
\tt aoDitcaoiei ana amanaso on 



'lied. 
Meo. 



. nereov staie tnat i haw fevwwi ana unaerstano me contents ot me aoove-ioemitiea soectncations inciuoinq me ciaims. as amenaeo dv anv amenoment reiefreo to anovm. 
acunowfieaoe tne autv to otsoose imofmatfon wntfn is maienai to oatemaoHitv as aenneo m Title 37. Coae ot Feaerai Reoutaiions. §i.S& 

I nereov cia.m tor»Kan oriomy twettts unaer Tttie 35. Umtea States Coae. §119 of anv tore^qn aooiication<st tor oatent or inventor s cemircate listed oetow ana nave aiso Kwmttwa t>e»ow «nv toreran 
aocHicanon lor oaient or tnv«nior % (»niticate navmq a tiitng oaie oetore tnat ot tne aooiicatton on wnicn onority is ciaimeo- 



n 
o 



onof Forego Ao[Xtcation<s) 



Pnomy Claimed 



'Numoert 



(Coumry) 



<Numoeri 



tCountryi 



**umoeri 



(Countrvi 



Oay/Morttn/Year Ftieai 



{Oav/MonitvYear Ftt&ai 



tuav/Monin/Year Fueat 



Yes 



Yes 



^es 



No 



No 



NO 



-ereov oa.m me oenetn unaer Titte 35 Umiea States Coae §120 o* anv unrteo States aoo»catton«s) i.siea oeiow ana. msoiar as me suoiect maner ot eacn ot tne ctaim* ot ma aootution is 
-ot oisctoseo .n tne onor Unrtea States aooticaiion in me manner orovKMW ov me iirst oaraqraon or Title ZS. Unitea Sutes Coae. ^U2. 1 acKnow»«J09 me autv to Oisciosa wtwmmnn wn«n s maienai 
3 tMUWuaotiitv as (»tin«o m Title 37 Coae ot Feo«rai Reouiations. 91 56 wtiicn oecam* avaitaote ootwooo tne 
=t itits aooitcaiion 



tiling aate ot tne onor aooticaiKsn ana tn« naitonai or PCT tntemauonaj titmq oaie 



.Aoptcatton Serial No 1 



(Ftiing Oate» 



(Status: oatemsa. oenamq. aDarxaoneai 



(Appticanon Serial Na» 



(Ftbng Oatet 



(Status: paienteo. oenainq. aoanoon«d) 



POWER OF ATTORNEY: As a named inventor, t heretay appoint the following attorneys (Registration No.) to prosecute this application, receive and 
aa on instructions from my agent, and transact ail business in the Patent and Trademark Office connected therswtm. HARVEY a JAC0330N JR 
(^?!L.S-i??^^^ ^21?^ (24.514): JOHN CLARKE HOLMAN (22.769), MARVIN R. STERN (20.640): MICHAEi. R. SLOBASKY (26,421); JONATHAN 
L. SCHERER (29. SSI); STANFORD W. BERMAN (17S09): IRWtN M, AISENBERG (19,007)- WILLIAM E PLAYER (31 409) 



SEND CORRESPONDENCE TO 



JACOBSON, PRICE. HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington. O.C. 20004 



DIRECT TELEPHONE CALLS TO. 
(pt0Ms» use Afromar * Oocxt no.} (202) 63d-6666 

JACOBSON. PRICE. KOLMAN & STERN 



* Inventorts* name must tndude at least one unaoorevtated first or micadle name. 





FULL NAME* 
OF INVENTOR 


: FAMILY NAME 


GIVEN NAME 

Ulo 


MIDDLE NAME 


o 

CM 


RESIDENCE & 
CITIZENSHIP 


j cmr 

' Tallin 


STATE OR FOREIGN COUNTRY 

Estonia 


COUNTRY OF CmZENSHIP 

Estonxa 




POST OFFICE 
AOOBESS 


1 POST OFFICE ADDRESS 

Tedre 24 


cmr 

Tallin 


i ^TATE OR COUNTRY 

1 Estonia 






FULL NAME* 
OF INVENTOR 


1 FAMILY NAME 

' T^^TnT^r^5T^rJ 


GIVEN NAME 


MIDDLE NAME 


o 


RESIDENCE & 
CITIZENSHIP 


! CITY 

.qr^1n;=i 


STATE OR FOREIGN COUNTRY 

Sweden 


COUNTRY OF CmZENSHIP 

Sweden 




POST CFRCE 
ADDRESS 


i POST OFRCE ADDRESS 


CTTY 

Solna 


j STATE OR COUNTRY 

' Sweden 




r» 

CM 


FULL NAME ' 
OF INVENTOR 


FAMILY NAME 

} SrUKE 






MIDDLE NAME 




RESIDENCE & 
CITJZENSHIP 


1 crrv 

■ C^ttinaen 


STATE OR FOREIGN COUNTRY 

Germanv 




COUNTRY OF CITIZENSHIP 

Genranv 




POST OFFICE 
ADDRESS 


j POST OFBCE ADP8ESS, ^_ 

'■ Auf der Iiieth 36 


SStfcingen 







I tunner oeaare tnai an statetneras maoe nerem ot mv own icnowteaae are true mna tnat ait statements maae on int ormation 
maoa wttn tne icnowiwwe mn wiutu* tatse scatamenis ana the tike so maoe are ounrsnaoie t>v »me or imonsonment or ooth 
wiittuf false statements may reooarotze the validity ot the aociication or any patem tssutng tnereon 



and oetiat are iseiievea to oe true: ana tunner tttat these statemerHS were 

unoer section 1 001 of Tit'e 18 ot tn« united SutM Code: ana tnat sucn 



SIGNATURE OF INVENTOR 201 * 


SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203' 


DATE 


DATE 


DATE 



AckMioiiai mventora are rtamea on lapf nety numoerea sneets 

JPH&S 1992 7/32 (COPYING WTTHOUT DELETIONS PERMITTED) 



Page 3 of 3 



-LL PATHNTS, i«\CLUClNG DESIGN 

■ t R APPLICATION RAScO CN PCT 
=4R)S CONVENTION OR NON PRKDRfTY 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



FOR ATTDRNEYS' USE ONLY 
ATTORNEYS* DOCKET NO 

10496/P5S84i:<[A 



^cf :,°,!i'TnTT!! '"'^ ' '"^ res.oence dcsi on>c5 aocress ana cair^nsmo are stateo oe.o«v nexr to mv name me .ntormat.on q.ven nef«.n .5 irue mat 1 d«m cnat 1 am tf>« onomai 



o 



wnicn IS aescnoeo an<j ciaitn«a in 
i^e anacnea soflCittcaiMxi 



PCT International AoDiication No 



ihe SDecitication m aoDiication Senai No 
I if aooticaoist ana amenoeo on 



*ue<3. 
Med. 



. nereov state mat ) nav« f*o.*«, ana unoewana me contents of tne aoove-«iemrt.ed so«^«os. maucnq tne ca.ms as amenaeo ov any amenamem reterr^i « 
acitnowieooe tne autv w oisctose intonnatKKi wnwn is matenai to oatemaomtv as aeiineo m T.tie 37. Coae oi Feaerat Reouiations, §156. 

Prror Foreign Aooucmmsi 

Pnonry Ciamieo 



o 



Nuffloeri 


iCoumrvt 


JayrMontn/Yaar Fiieoi 


Yes 


No 


Mumoeri 


) Country 1 


fOawMontrvYear Fiieoi 


Yes 


No 


Numt)er» 


. Count rvi 


DawMonin/Year Fueot 


-res 


No 



o 



(Apptiction Seri«i No t 



(Ftiing Oater 



(Status: oataniea. oenoing. aoanooneot 



{Appaeaoon Sertai No t 



(Filing Oatet 



(Status: patentea, penaing. aoanoonam 



rS^f * "^""^ ' ^PP^'"* tollowing attorneys (Regtstrat.on No.) to prosecute this appiication. recerve and 

f^s^l n^auGi^^ ^^'^"^ ^ Trademark Office connected therewith. HARVpTTiAcbS JR 

i ^CHERfR ""^^^ ^^'^ (20,640); MICHAEL R. SLOBASKY (26.421); JONATHAN 

bCHfcRER (29. 851), STANFORD W. 8ERMAN (17^09); IRWIN M. AISENBERG dSXKJT); WILLIAM E. PLAYER (31 ,409) 



JACOBSON. PRICE, HOlJflAN & STERN 
400 Seventh Street, N.W, 
Washington, O.C 20004 



DIRECT TELEPHONE CALLS TO: 
(p/BMSm usa Attonrny't Oockmt No.) (202) 638-6666 

JACOBSON, PRICE. HOLMAN & STERN 



invemorts* nam* must tnctubtt at least ono unaoorovtaied first or middle name. 

FAMILY NAME 

R^TTr^MRVF!T? 




GIVEN NAME 

Michael 



MIDDLE NAME 



RESIDENCE & 
CITIZENSHIP 



I COY . 

: Gottinqen 




POST OFFICE 
ADDRESS 



FULL NAME* 
OF INVENTOR 



POST OFFICE ADDRESS 



JNTRY OF CmZENSMP 



'J 



CITY 

Gottinaen 



i STATE OR COUNTRY 

! (3ermanv 




CM 
O 
CM 



RESIDENCE & 
CmZENSHiP 



CITY 



POST OFFICE 
AOORESS 



FULL NAME- 
OF INVENTOR 



< ^OST OFFICE ADDRESS 

dnflurwecr 

FAMM.Y NAME 



STATE OR FOREK3N COUNTRY 

Gemany 



NTBY OF CmZENSHIP 



2B 



^Ssdorf 



STATE OR COUNTRY 

Germany 




o 

C4 



RESIDENCE & 
CITIZENSHIP 



; cmr 



STATE OR FOREIGN COUNTRY 

(Sermanv 



POST OFFICE 
ADDRESS 



j POST OFFICE ADDRESS 

^•TP^c^- h.rass e 19 



UNTRY OF CmZENSMlP 



CITY 

Gottxnaen 




TATE OR COUNTRY 



«.«ul («» „co^ ,r» ,.«.,y .M any Si^" """"""^ « "<"• «"-<>« ^O"" '001 0( TUIe 18 o( .M U««M S«« Coo.: «a ma «Ka, 



\ 9QNAJURE OF INVENTOF 




SIGNATURE OF INVENTOR 202* 




Adoitiorai invemors are nanwa on seoaraiefv numoered sfieets ettacnea 

JPH&S 1992 7/92 (COPYWO WTTWOUT DELEHONS PERMITTEDJ 



SIGNATURE OF INVENTOR 203* 



-t-L PATENTS. INCLUC^^iG DESIGN 

- APPLICATION SASEO ON PCT 
-iRIS CCNV6NTION OR MON PPKJRfTY 



DECLARATION 
AND POWER OF ATTORNEY 
U.S,A. 



-OH ATTORNEYS* USE ONLY 
ATTORNEYS' DOCKET NO 

10496/P5884HIZI 



•"^sT a'!!^^* llZZ^^r^ '«s.aen« ocst ott,ce aaoress ana cnzensn.o ar. «at«i .o mv name me mrormat-on q.ven nerin ,s true m« I 
-Tnirt^rn orw on. nam* « ..«eo a. 201 Deiowt. Of a - rst ana .o.m mvemof t,r o.ura. «t«««« *r. narrwo o«k>w at 201-203. or on Ma«»n. w.T 
an»r wntcn is ciaunM «no wr wmcn oaiem « souom on tn« invention ammea aaaawnat sn««e 

A METHOD AND A DEVICE FOR THE EVALUATIO:: OF BIOPOLY^IER FITNESS 



trtat t am ttm onqmai. 
ntmot or tn« auofaa 



o 



«rncn rs aescnoeo 



in 



Xpct imefnaiionai Aooitcation no PCT/EP94/Q0117 



Jan. 18. 1994 



:ri« soectncatton m aooitcatton Senai tio 
iii aoottcaot«» ana ametHieo on 



nsreov suta tnat i r«v* 
acxnowiMa* tne otjtv wo 



"waov Claim 1or»tqn 
aooacaiton tor oatvnv or 



ano unoem»vi tne contents ot tne aoov*wn.t,ea soiwmcioos- mcnjcno me aa.ms as amenoeo dv anv amenonwit mtma » 
•momtation wnicn ts materwt to oatemaomiv as oetmea in T.tie 37 Cooe 9 i=eoerai fleouiations. ^1.56. 



. ij;^. n" t'T^*- °* ^"^ '^•^ .oo««K>n,», Hxoaten. or inventor , ceatticat. ..steo Oe«w .no f«v «« 

s c«Titicsta navino a mnq aat* oerore mai or tne aooitcanon on wnicn orormr « ciaimeo 



oetow aiw toreton 



St 



''TOf foreiqn ai 

p 4.-^ m nns.Q 



Numoeri 

PCT/EP93/01291 

Numo«rt 

P 43 42 703,0 

'.jmoeri 



Germany 

iCountrvt 

PCT 



18/1/93 



Pnontv ClajiUMi 



Caumrvi 



Gennanv 



Count rvi 



^av«MontmYear eneoi 

22/5/93 

^av*Montfvveau' i^iteoi 

15/12/93 

CawMomti/Year hueai 



Yes 

ves 

X 

TOS 



No 



!StO 



NO 



-e'eov ctaim tne 
:t ctsctoseo m tne onor 

oaiemaoiiitv as oenwq 

tms aooiication: 



SmL^^^Z'ltl^l^lJ'Jl,''' *°°«»«««' ««« »na msotar as tne suD.ea maner of eacn of tn, am o tn« 
stales aooitcatton m me manner orovroeo ov tne urst oaraoracn at Tttim 3& u-iiT»rt ^rat*. < j^^a lo . • wwn* HFarKainn is 

« rm. 37 Coa. Of Feo«* Reou.at.on,. m55 wnK:n oeci^S^i^^^^^^^ 

oecam* avaiwot* oacwuaii me minq oate ot tne onor aooiication ano tne nattonat or PCT intamauonai hunq oaie 



o 



S«ft«i No ) 



r-iinq Oatttt 



: Status: oatameo. oenotng. aoancxMMk 



No.) 



truing Oatet 



I status: oaiemea. oenamg. 



r2^^?„2m«I^ ' "^""^ "'^ *o«™™^ anomevs (Heoistration No.) to prosecute mis aooucaiion. receive ana 

fSi^^vE^UGl^^i^lT^,T!^^^^fi.^^An.T '•'^ ^ Traaemanc office connected therew..n. HARV^THS^IIoT JH 

(2°^ ISItoM W SLOBASKY{2a421); JONATOAN 

L. ^M^cr^cr^ ooi); :>iani-uho W. BEHMAN (17.909); IRWIN M. AISENBERG ^BJOOT); WILLIAM E. PLAYER (31 ,409) 



5£NO CORRESPON0e*«:E TO, 



UACOBSON, PRICE, HOLMAN & STERN 
400 Seventn Street. N.W, 
Washington. O.a 20004 



iiRcCT TELEPHONE CALLS TO. 

'Dcaam usm AttomwM ooatM No.i (202) 638-6666 
JACOBSON, PRICE. HOUUUN & STERN 



*tnv«monsi namo must 



at (east one unaoorevtaied first or miaate name. 



C4 



CM 
O 
CM 




en 
o 



^iJLL NAME* : nAJUULY NAME 
OF INVENTOR t T?TfT 



RESiOENCE & I cmr 
ciTTZENSHip ! Gotrtinaen 



MIOOLE NAME 



POST OFFICE 



rULLNAME* i FA MM.Y NAME 

OF INVENTOR 1 EZ^^^P^ 




RESIOENCE & ! ^1^^ 

CITIZENSHIP ■ GeiaiiTLCTen. 



:rea 



POST OFRCe 
AOORESS 



^l^JP^^BEKSN COUNTRY 



FULL NAME' 
OF INVENTOR 



POST OFFICE ADDRESS 

-Ta 

r AAMLY NAME 



"oottinaen 



i COUNTRY OF CmZENSHIP 

i Gennany 



JNTRV 



c:t:2£NSHip 



cmr 

Erkrath 



GIVEN NAME 

Karsten 



■VtiOOL£ NAME 



1 ZIP 030! 

D-3707! 



POSTOFFTCE I POST OFRCE ADDRESS 
lODRESS '^A ^^KVv:aT-rT_4 



^TATE OR FOREK5N COUNTRY 
jiTY 



■ COUNTRY OF CmZENSMlP 

' Gennanv 




STATE OR COUNTRY 

Germanv 



< tuftner oeoare mat aii 
'ao* witn tne ttnowfaooa tnat 
mtitm tars* statamams mav 



tatsa'^SIIltlraTmir^^^ *" »tatam««, maoe en «iiorm««n ano oetiat are oe.Kiveo to oe true: ano furmar mat mas* statamants were 

-X^^nj tn^a^T^r • °""'»"«** ov t,ne or «,oRsonmam or oom. unoar s«a«n .001 o» T.tle 18 of tna umma Simm Cooa: ana tna, «icn 
in* vattotiv Of tne aooucation or anv oatam issuino tnef»on. 



SIGNATURE OF INVENTOR 201' 



OATE 



SIGNATURE OF INVENTOR 202' 



OATE 



SIGNATURE OF INVENTOR 203' 



DATE 



_ AdOioonai mvaniors am nanwa on fo a f ew> numoarao snaaia anaetMo nereto 

JPHAS 1992 7/92 (C0PYTf#O WITHOUT OELEHONS PERMITTEDl 



Paae 2 of 3 



DECLARATION 
AND POV/ER OF ATTORNEY 
U.S.A. 



-LL PATENTS. INCLUDING DESIGN 

■OP ACOL'CATION BASED ON PCT 
-4PIIS CONVENTION OR NON PRfORITY 



=Oa ATTORNEYS' USE OHLY 
ATTDRNEYS- DOCKET NO. 

10496/P58S41^;:?i 



As a D«.ow namec .nv»ntor. I aociar. tnai mv r esioe-^ce vzs: on«:e aacress ana curensmo ar» stateo oetow next to ^-v name rne .ntormatton even n«r«m .s true, mat t t>ei.9v« thai » am tfw ooqinai 
■ rst ana soie mventof (tt only one namm is usiea at 20i ce.owi or a :.rs: ana .aim mvemor nt oturai inventors are namwi oeio* at ^0^■2C2. or on aaaiiKsnat sne«3 «nacn«i rwmoi ot trw suoi«o 
-'aner wmcn is C!aim»a ana tor wnicn aaient is soucnt on tne tnvennon enTttteo 



o 



wmcn IS aescnoea ana ciatmao in 
•"e anacnea soectttcaton 



PCT Internaiionai Aooticauon No 



in« so«citication in aoDucatton Sertai No 
\tt aoDiicaoiei ano amenoeo on 



. nereoy sta« that I hav« rwvwwM ano unaersiano trte contents of tn» aoovfwoent.neo SDeciticaiions .nctuaino trre enaims, as amenoeo dv anv amenoment wema to aDOv«. 

acKfwv»ieoo« in» duty to dtsaose intormatKyi «#*n<n « mawnai lo oatemaomtv as aetinea in Tttie 37. Code ot Fecerai fleouiaiions. §156. 

i nereov c(a.m terwon prtonty tXMWits unoer Title 35. United States Cooe. §119 of anv toreran aooiicationist lor oatem or rwemor s ceniticate nsteo twtow ano r^ave atso loentrtied t»*ow any lonHgn 
aoDiication lor oatam or mvemor • camticate navino a iiirng oate oerore mat oi tne aoDncaiion on wn*cn priority ts ciaimeo: 



o 



Ofior Foreign Appiicationis) 



Prtonty Claimed 



■Numoeri 



I Numoeri 



.Countryi 



^Jmoerl 



tCoumrv) 



;3»V«MontruYe3r Fneoi 



[OawWomrvvear Fiteoi 



iuaw*i*omn/Year Fiieoi 



Yes 



Yes 



Yes 



No 



No 



No 



«!^«<!rj?« ^"'"^ ^'^^ ^"^ aoQi«tior«s» ..sieo oe.ow .no. .nsotar as tne suotea maner ot eacn of tne aa.ms ot tn« aooicai^n « 

.fn«^rl/n?,rj?«;r^ < -MS manner orovioM tsv tne t.rs, oaraqraon ot T.tie 35. Unaed Sta«« Cooe. ^112. 1 acKnowieoo. in« outv to d.saos. «fonn«K)n wn«:n m«.na. 

~. . T'^™ " ft«u«i.ons. ^i£6 wh«n oecame ava.«o« o«v««n tne t.«na oata or tne orw aoo.««K>n ano me nat«nai or PCT imem«»ri.j Wiog d«e 

-1 tnis aoQiication 



(Application Sertaj No i 



iFtiing Oate» 



[Status: patented. Denaing. aoanooneo) 



(Appttcauon Sertai No.) 



(Friing Date) 



(Staius: patented, pending, aoanoonedl 



POWER OF ATTORNEY: As a named inventor, t hereby appoint the foiiofwing attorneys (Registration No.) to prosecute this appUcation, receive and 
act on instructions Jrom my agent, ano transaa all business in the Patent and Trademanc Office connected therewith. HARVEY a JACOBSON JR 
l^^f^L'Lo ^.^^^f.S^-^^^^^ CLARKE HOLMAN (22.769), MARVIN R. STERN (20.640); MICHAEL R. SLOBASKY (26,421); JONATHAN 

L. SCHERER (29. 851); STANFORD W. BERMAN (17,909): IRWIN M. AJSENBERG (19XKJ7). WILLIAM E PLAYER (31 409) 



SEND CORRESPONDENCE TO 



OACOBSON. PRICE. HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington. O.C 20004 



t DiflcCT TELEPHONE CALLS TO: 

I (pmmsm usm Attomty a Ooctcmt Mo.) (202) 638^6666 

JACOBSON. PRICE. HOLMAN & STERN 



'Inventorts) name must tndude at least one unaooreviated ftrst or middle name. 





FULL NAME' 
OF INVENTOR 


FAMILV NAME 




GIVEN NAME 

Ulo 




MIDDLE NAME 




o 
e4 


RESIDENCE 4 
CITIZENSHIP 


cmr 

Tallin 




STATE OR FOREIGN COUNTRY 

Estonia 




COUNTRY OF CmZHNSHIP 

Estonia 




POST OFFICE 
ADDRESS 


POST OFFTCE ADDRESS 

Tedre 24 


min 1 « 1 ^TATE OR COUNTRY 

Tallxn i Estonia 






FULL NAME* 
OF INVENTOR 


FAMILY NAME 

T>rTnFTMmT^r;r 




GIVEN NAME 

Jerker 




MIOOLE NAME 


ct 
o 

CM 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 

Sweden 


COUNTRY OF CITIZENSHIP 

Sweden 




POST OFFICE ) POST OFFICE ADDRESS 




cnv 

Solna ' 


STATE OR COUNTRY 

Sweden 




o 

CM 


FULL NAME* 
OF INVENTOR 


FAMILY NAME 
STUKE 




JGIVENNAME 

mchael 




MIDDLE NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 




STATE OR FOREIGN COUNTRY 

Germanv 




COUNTRY OF CmZENSHlP 

(lerrnanv 




POST OFRCE 
ADDRESS 


^^°3'll*^ilh 36 




®ttingen 






( tuntter declare tr^at ail statements maoe iierem ot mv own artowK 
made wun tne Knowteooa ttiat «inimjl taise statements ano trie nice 
wiiitul false statements may jeopardize ttie vanony of tne aoot«ai 


woe are true ano that alt statements made on tntormamn ano tvwiet are oeiieveo to oe true: and tunner mat these staiemera were 
so made are ountsnaoie ov tine or tmonsonmem or ocxn. unoer section tOOl ot Title 18 of the united States Code: and mat sucn 
ton or any patent issuing tnereon. 


SIGNATURE OF INVENTOR 201 • 


SIGNATURE OF INVENTOR 202' 


SIGNATURE OF INVENTOR 203* 


DATE 


DATE 


DATE 



_ Additional inventors are named on — perarery n um oerea sneei* attacfted rtereto. 
JPH&S 1992 7/32 (COPYING WTTHOUT OELEHONS PERMriTEOl 



L PATENTS. JNCLUDING DESIGN 

■ZR APPLICATION BASED ON PCT 
APllS CC>4VENT)ON OR NON PRIOflrTY 



Page 3 of 3 

DECLARATION 
AND POWER OF ATTORNEY 
LI.S.A, 



FOR ATTORNEYS* USE ONLY 

ATTORNEYS' DOCKET NO 

10496/P5834i:^ 



^^!nL^?^Z^^Z P ^ J ^ resmence ccs: cr.^cm aacress ana cn.zensn.o are siaieo oe.ow next to mv name me >n,orrT.a,.on c-ven r>«re,n .s true tnat I G«.«iv. mat t am tn« OfKJma. 

ST ana sate inventor lit only on» nam* is itsteo at 201 De.owt of a ■ rsr ano .o.m mventor tit oiurai inventors are namea oeiow ac 203 on a„r,.r.on,. JL onomai. 

-anef wn,cn .s cia.mea m tor wft,cn oatem is souam on tn* K«er,,.on ent.tiea '"ventors are nameo Deiow at ^^.-203. or cn acoitKina. sneeta Ktacneo rweiot ot tna tuaeo 



CM 

o 



/irnicn ts oescnoea and aaimea m 
"^e attacneo soecification 



PCT Imemaiooaj Aooncation No 



!na soecittcaiton m aooiication Senai No 
ut ap o*icao«et ana amerwea on 



•led. 
'ied. 



. nerwv staia <nat i hav. r«vH^ ana unoeistana tne coments oi me aoovenoentrtied so«:.t«at,ons. mctuama me aaims. as amenoec ov any amenoment reterrw to aoow*. 
acKno^wieoge tne auty to oisoos* intormation wnwn ts matenai to oateniaomtv as aetinM in Title 37 Coae oi Feoerai Heauiatioos ^i Sa 

Dftoc Foreign AopucationfS) 



Prionty Clawneo 



Numoen 


iCourarvi 


Oay/Montnrvear Fueoi 


fes 


NiO 


Numoefi 


iCountfvi 


fOawMontn/Year Fueat 


Yes 


No 


\ufnoen 


tCoumrvi 


Oav/Monin/Year Fueoi 


^es 


So 



-o: a^s«^n?r?e o^^^^S '"'^ aoo.Kationi,, „steo oe.ow ano. .nsotar as tne suoiea maner o. eacn of me c.a«n. ot m,s aDo.««»n .s 

-r mis awiicaioi fl«u«uons. 9»i6 wn«m oecam. *vai«D,« o«w«m the tmng aa« ot tne onor aoo.K:ai*n ana m. nat»n« or PCT im*fn««n«j ttting oa.e 



o 



(Aopucaxion Senai No t 



{Filing Oatat 



t Sta tus : oatantea. oenoirtg. aoanoonvai 



(ApptocsDon Senai No.i 



<Riing Oat«) 



tStaua: oaiemoa. Denotng. ao«nooMO) 



aS^n ?n^m«^J^^ ^ '° ' * Tt"^ anomeys (Registration No.) to prosecute this aopiication. receive and 

fiSS^i n^nnrl iT^S^^^tT^.T."^ ^^^^"^ TrademarK Office connected tnerewuh. HARVEY a JACOBSON. JR 
^HkRPR ^^-^^^^^ ^^^'^ ^f^*^ ^20.640): MICHAEL R, SLOBASKY (26.421); JONATOAN 

L. SCHERER (29, 851); STANFORD W. BERMAN (17309): IRWIN M. AISENBERG (19^; WILLIAM E. PUYER (31 ,409) 



JACOBSON, PRICE, HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington, 0,C. 20004 



DIRECT TELEPHONE CAU»S TO: 
(p/aasa us* Anonwv M Ooatrnt No.) (202) 638-6665 

JACOBSON. PRICE, HOLMAN & STERN 




FULL NAME' 
OF INVENTOH 



o 

CM 



FAMILY NAME 

LEHMAN 



PE5I0ENCE & 
CITIZENSHIP 



POST OPnCE 

4Doness 



CITY 



POST OFFICE ADDRESS 

Lsse 19 



STATE OR FOREIGN COUNTRY 

Gemany 



CITY 

Gottinqen 




ATE OR (^UNTRY 



^ .?f^Y! ^IT^r^ ot my own «noww. are true and tnat »t siat«n««, maoe on ,mormai«n 

.-nao. w, m ma RnowHKwa mat wttttut tais. atai«nents ana tne so maoe are oun^naoie ov nne or ,monso^n,en™ 
wiiitu false statements may teooaram the va»dity ot the aoowcation or any patent issuing mereon °^ 



and beiiel are oeiteveo lo oe true: and turtnar tnat tttese statements were 
unaar secuon lOOi ot Ttt;e IS ot tne united Statea Coda: and mat sucn 




_ AOdnonai mventora are namaa on iaoafaiwy numbered 

I. jPHiS 1992 7/92 (COPYING WTTHOUT DELEnONS PERMUTED) 



narato 



DECLARATION 
ANO POV/£R OF ATTORNEY 
U.S.A. 



7-Q APPL'CATrON EASED OM PCT 



-OR ATTCf^SEYS* use C*il.Y 
ArrOnNEYS' DOCKET NO. 

10496/P5S841J;1^. 



As a s«(ew ran«a inv«<-tQf. t G«ct«;« tnai mv fcsioence ocsi cnice aocress anc cttirensnfO ar» siaiaa D«tow nejcc lo mv riame me mtof marion oiv*n ner^n is rrus mat i c}«-««v« mat t am inm onotnat, 
- rst ana sO(« K»v«ntof {tf oorv ort« name ts ustec ai 201 be-owi ck a - r^t a-d lo m inventor nt ciurat invflmor^ ara nam«a o««>« ai 20*.-203. Of on aoofnonn sn««fs trjicn*^ n«cwot « tn# tuotaa 
"•anef wo(cn is ciaim«e ana lor wncn oatent « souan: on tn^ n*v«niior "trineij 

1 A METHOD Ai^D A DEVICE FOR THE EVALUATION OF BIOPOLYmR FITMESS 



writcfl 14 oeicnoeo ino ctiim«a in 
anacn«o so«cir»caiion 



?CT internatKinai Aoottcaiton No 

PCT/EP94/Q0117 



'n« soecmcation m aooircation be^tai No 
it( a0O<icaot«t ana amonoeo on 



:e<l. 
■e<3. 



Jan. 1 



1 O 



1994 



'iww ftaiB mat l nav« f v w vm^q ana unoerrtano tne contants ot tne afx>v*-«ei*miii*<] so«CH*cat40ns inauomo tne ciatm$ as 3m«no«<3 dv anv amenamoni rat«rr«o la aoow*. 

acKnow«*ao« tt>« aunr to orsaos« mrormation wnicn ts matoftai to oaten(AO««tv as a«rin«a tn Ttile 37. Coca ot f^eoerat Reouiations. ^l 55. 

1 i*r«ov cta<m tor«)on ononrv twnatrts una»r TiMe 35. United Stales Code 4l 19 of anv fora*on aoDncattoni sr lor aaieni or inventor s centticam tista<l Oeiow ana nav« aivi KMomned b<«3w am tocwqn 
dfioocaiion *or Datant or nwntor s cantiicate navina « tmnq oats o«tof« tnai oi me aooiication on wntcn onontv is c:aimeo. 



3'ior Forat o n Aoo**c«no«« 

P 43 01 005.9 



Sutnocri 

PCT/EP93/ 01291 

*4umo«ri 

P 43 42 703.0 

\^rno«ri 



Gentianv 



18/1/93 



iCotirttfvi 

PCT 



.Coufttrvt 

Gennanv 



.Couotrvi 



.^a^Montmrear »-«eai 

22/5/93 

• Oav'Momn/Year ^"eai 

15/12/93 

uawWontn/Teaf Fueoi 



No 



No 



NO 



-ereov ciatm tne oenem urvjer fitte 35 Untteo Stales Coce §'20 ct anv unrfeo States aooticationrsi msim oettjw anc msotar as tne suoteci tnaner ot eacn m me ciaima ot ma tponcmton is 
-=t ctsctoseo m tne of«x unflea States aooiicaiton tn me manner orovKjeo ow in» nrst o«faqraon ot Title 35, Unrtea State* Cooe till 2. 1 aCKnow»eoae ine ourv to otsoose > M or ma» o n wf«cn *s nuuenai 
■3 oa*«n««oiutv as aenneo m Titte 37 Code ot Feoerai r^eoutations. *t 56 wn*cf» oecam* avaHute oavtnmn me titmo oate ot tne orior aooticaiion ar>a ine naiionai or PCT imemmonai tuirtg oata 
:* iTits aooucvion: 



.AoMcnnn Seoai no i 



r-nnq Oaiet 



;;:iiatus: oaiemea. o«notnq. aMAcxowat 



^AQpeCKion Senai ho 1 



^r^tMtg Oatet 



(cataius; oatemM. oenotng, aoarM3orv*oi 



POWEH OF ATTORNEY: As a named inventor. 1 hereoy aoooim the toilowing anomevs (fleQistration No.) to prosecute tnis aooltcatron, receive and 
act on instructions from my agem. and transact ail business in tne Patent and TrademarK OUice connected iherewnn. HARVEY B. JAC08S0N, JR. 
f2aB51): D. DOUGU^S PRICE {Z4SU): JOHN CLARKE HOLAIAN (22.769), MARVIN H. STERN (20.6401: MICHAEL R. SLOSASKY (2^42^): JONATHAN 
L. SCHERER (29, 851>: STANFORD W. BERMAN (17.509): IRWIN M. AISENBERG (19.007); WILLIAM E. PLAYER (31,409) 



SchiO CCfifteSPONOeKCE TO. 



JACOBSON. PRICE. HOLMAN & STERN 
400 Sevemn Street. N.W. 
Wastitngton. 0,C 20004 



ikPECT 7c"^?HON£ CALLS TO- 

(202) S3S-6665 
JACOBSON. PRICE, HOLMAN & STERN 



• ^nv«nions> natn« must inctutsa st least one unaoorevtateo ttrst or mtoaio name. 





FOLL NAM6* 
OF (NVENTOR 


: FAMILY NAME 




1 MtOOLE riAME 




a 

CM 


fiESlOEHCC & 
cmZENSHIP 


I cmr 

• Gotti naen 


i SJATE OR FOREIGN COUNTRY 

Germaav 


1 COUNTRY OF cmZENSHiP 

1 Gennanv 






POST OFFICE 
A0ORE5S 


1 POST OFFfCE ADDRESS M^-PlaaCk- Crrv . ' STATE. Oa country, ; aECQDE-, 

Tnstitut fur Bioohvsijcalische Chemie.Jan Fassbeixr,Gotemgen,Gerinanyi i>37x^ 






FULL NAME" 
CF INVENTOR 


1 FAMILY NAME 


:,G1VEH NAME 

■fianfrea 


1 MiOOLENAME 

i 




est 

C3 
Oi 


RcSiOEhiCE & 

c:tt2Ensh!P 


* cmr 


' C^SS^nV^"^"^*^ COUNTRY 


\ COUNTRY OF cmZENSHlP 

! Germanv 






POST OFFfCE 
400RHSS 


! POST OFFTCE ADDRESS 


Gottinaen 








FULL NAME* 
OF tNVENTOR 


PAMtLY NAME 


GIVEN NAME 

Karsten 


: MIOOLENAME 




rt 
O 
Ot 


:=SSt06NCE 4 


, C.TY 

■ Erkrath 


STATE OR FOREIGN COUNTRY 


i COUNTRY OF CmZENSHiP 

» Genranv 






POST OFFICE 
iODRESS 


i POST OFRCE ADDRESS 




. STATE OR COUNTRY i SRLCnDE 

; Gennanv D-40599 





■ •uftner oectar* itwt M ttasenww m«ae n«rem ot mv own vnowfeooa are true aiwi tnar ail statenrt^ms maoe on tntormafion aoo oettet are oeireveo to oe true: «n« furtner tnat mese statements were 
-aoe wrtn tne »nowi#ope tnat wwtut faise statetnems ana tne tiKe so maoe are oumsnante ov t\r* or imoruonment ot ootn. unoer sect>oo XQOi ot Title Ifl of the lin«ed States Coae: ana tnat tocft 
Awttui latse statenwnts mav reooarotza trie vaiidtty ot tne aoaiicaiKMi or anv oaiem ts5uina tnereon. 



SIGNATURE OF INVENTOR 201 * 


SIGNATURE OF INVENTOR 202* 


SIGNATURE OF INVENTOR 203" 


DATE 


DATE 


DATE 



A^Kjtitfnai nwmors are nmirma en ae o er a ie«v numoereo srteets an; 

JPH&S 1992 7/92 CCOPYtwa WHWUT DELETIONS PERMITTED! 



Page 2 of 3 



-LL PATENTS. iNCLUOING DESIGN 

-rR APPLICATION EASED ON PCT 
=4RIS CCNVENTION on NON PPfORITY 



DECLARATION 
AND POV/ER OF ATTORNEY 
U.S.A. 



FOR ATTORNEYS' USE ONLY 
ATTORNEYS' DOCKET NO. 

10496/P5SS41?;L2iL 



^^^L'Z.?^'^!^1!^!^T!T^' ' """'^^ c.i,zensn,o are «a«a m.ow next to rrv name tne .niormanon q,ven nerem ,s true, ifiat I (n« . tmi oogrnai. 

rst ana so.e .nv*««x at onty oo« n*m« « »,stea at 201 oeiow. or a -rst ano .o.m inventor ocura. .nvemors are namea oeio* ai £01-203. or on aaartwna. sneets euenea nennoi ot tn. «i,ea 



— atter wntcr ts ciaimea and tor vimicn oaient is souom on me tnveniton emniea 



CM 

o 



•vnicn ts aescnoea tna aajmeo m 
. "^e anacnea soecitication 



J PCT tnternaiionai Aooucation No 



the soectiication m aootication Serial No 
(tt aoDttcaoiei ana amenoea on 



ftieo, 
Med. 



. nereoy staie inat i hav« rmM ano unaersiano me contents ot me aoo>»-<iemiti«j soecttcations. .nciuomq me cia.ms. as amenaeo oy anv amenomem retertM to aoov*. 
acitnowieaae ine auty to oaoose mroonation wnicn is material to Datentaoiutv as oennM m Title 37. Cede oi Feaerai Requiaiions. §156. 

! hereov ctaim tor^on prwmv t>««t« tinaer T.tfe 35. Un.teo States Code. §119 ot anv roreipn «>DiicaiioMSi (or oatent or .nvemor s cen.ncate i.steo t>e.ow ano nav. »so ^ttmi t>mom arry tofwqn 
aDOiicaiion ror oaient or un/tnor % conirtcaie navtno a tiling date oetore mat or the aooncatiwi on wfucn oriof uy is ciaimea- 



CO 

o 



°nor Foraion Aoptacaboms) 



Pnonty Claimed 



'Numoeri 


(Country) 


3ay/Moran/Year Filed I 


Yes 


No 


(Numoeri 


(Countryt 


(DawMontn/Year Ftieai 


Yes 


So 


Numoefi 


tCoumrvi 


luayyMontn/Vear Fitedi 


Yes 


NO 



-Ot o^s^TJ^^^n^ si^^^^ ^^'^^ ^ ^° °* """" "«« "'^^ »na. .nsotar as me suDiect maner o« eacn o* tne cuim. ot tn« ,oo^^ ^ 

ro^^^^S^^^^ JXtfJ^ r^^^ orov^w ov me f.r« D««xaon ot T.tfe 35. Unn«, Sutes Code. §n 2. i acKnow««de tne duty to o>se».e «om««« wn«, n n»i.na, 

3 oatentaDintv as am^ wt Title 37. Code ot Feoefai fleauiations. *,156 whicn oecam. Miaow owween tne tinno date ot tne orior aoo.«=.T«n «n« tn- n«««. « Prrr .m-m- 



?t this aopiicaifirr 



ing date of tne orior aooiicxtion and tne national or PCT imantaiionai tttmg data 



Serial No i 



(Fiimg Data I 



(Status: oatented. penoinq. 



Serial noi 



< Filing Oatei 



(Status: patented. pef>ding. 



POWER OF ATTORNEY: As a named inventor, t herefty appoint the following attorneys (Registration No.) to prosecute this application, receive and 
fiilfr.r?^^^^^^ transact all business in the Patent ana Trademark Office connected therewith. HARVEY a JAC08S0N. JR, 

DOUG^^^ HOLMAN (22,769). MARVIN R. STERN (20.640); MICHAEL R. SLOBASKY (2a421); JONATHAN 

L. SCHERER (23. 851); STANFORD W. BERMAN (17,909); IRWIN M. AiSENBERQ (19,007)- WILLIAM E PLAYER (31 409) 



SEND CORRESPONOENCE TO. 



JACOBSON. PRICE. HOLMAN & STERN 
400 Seventh Street. N.W. 
Washington. O.C 20004 



DIRECT TELEPHONE CAUS TO; 
(pi»MS» usm Attommfs Ooekm No.) (202) 638-6666 

JACOBSON. PRICE, HOLMAN & STERN 



Mnvemortst name must inchidft at least ono unatstareviated first or middle name. 



o 

CM 



FULL NAME" 
OF INVENTOR 



; FAUILV NAME 



RESIDENCE & 
CITIZENSHIP 



j CITY 



GIVEN NAME 

UlO 



Tallin 



STATE OR FOREKSN COUNTRY 

Estonia 



MIOOtE NAME 



UNTRY OF CmZENSHIP 



COUNTRY OF C 

Estonia 



POST OFRCE 
AODRESS 



j POST OFFICE ADDRESS 

: Ttedre 24 



crrv 

Tallin 



STATE OR CC 

Estonia 



COUNTRY 



FULL NAME* 
OF INVENTOR 



04 
O 
04 



I F AMIL Y NAME 



RESIDENCE & 
CITIZENSHIP 



cmr 
^1 ry?^ 



GIVEN NAME 

Jerkoi- 



MIDDLE NAME 



POST OFFTCE 
ADDRESS 



I POST OFFICE ADDRESS 



STATE OR FOREIGN COUNTRY 

Sweden 



COUNTRY OF CmZENSHIP 

Sweden 



FULL NAME- 
OF INVENTOR 



FAMILY NAME 
STUKE 



crrv 



STATE OR COUNTRY 

ten 



o 

CM 



RESIDENCE L 
CITIZENSHIP 



crrv 



i 



njVEN NAM^ 



Sichael 



nnttingp^n 



MIDDLE NAME 



STATE OR FOREIGN COUNTRY 

(^ennanv 



POST OFFICE 
ADDRESS 



i POST OFFICE ADpaESS- 

' Auf der Lieth 36 



COUNTRY OF cmZENSHIP 

Gennanv 



85ttinaen 



R COUNTRY 



t furttw aectare tnat aa satatnants maoa fterem ot mv own itnowiecioe mim trum mna inat aii 

made wim tne .cnow««o. mat w«t*«. false sutements and tn^T^m^de ^e oTn«Si^*L^Sr^ *^ ? "^^"^ sta,«T»eo« were 

...IM false «atemen« may ,eooaro«. tne va,«.ty ot the .o^«:lt,o^oTar^^t^i .monsoornen, or oom. ur«« s«:t«n tOOt ot Title 18 of m. Un««» Stat- Coda: tnat sucn 



SIGNATURE OF INVENTOR 202" 



DATE 



Additionat tnvetnora are namao on ■ a n afi T e»» mjtnoered sneeta anaet>eo Hereto. 

JPH4S 1992 7/92 (COPYTNQ WITHOUT DELETIONS PERMnTEOl 



SIGNATURE OF INVENTOR 203" 



DATE 
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~LL PATENTS. iNCLUOING DESIGN 
:Cq APPLICATION BASED ON PCT 
iAPlS CONVENTION OR NON PBlORnV 



DECLARATION 
AND POWER OF ATTORNEY 
U.S.A. 



FOR ATTORNEYS* USE ONLY 
ATTORNEYS' DOCKET NO 

10496 /P5884i:^ 



^ a oaiow namao inventor. I oaci«r» tnat mv resioence ccst omce aacress ana citizen sntn >r« «afi^ n«*r— »,« r« . 

-aner wo.cn .s ciaimea arvs kx wmcn oaiem .s sougnt on me rnvennon entitiM invwors are namso oe.ow at 2^i-2t,3. or on aaditionai sneets uucnM wwo) ot m« suaea 



o 



«nicn IS oescnoea ana ctatfn«a m 
anacnsd soecitic«tion 



CT Internatwnaj Aooncation No 



- '.fi9 soeciricaiion m aooiicatton Senai No 
lit aooiicaoiet ana amenoeo on 



•led. 
'.!e<j. 



. ner«y «af tnat . h*, r«-*o ana unoerstano tne contents of ine aoav^trt.eo so«:.,«:at.ans. «nucmq tne aa.ms as amenoeo dv anv amenamen, refm« «, aoov. 
acicnawieage trw autv to oisoos* imonn.twn wnKjn rs maiena. to oatentaointv « aetmeo in T.tie 37. Ccoa ot Fecer« Reouiations §i 5£ 

Ofior Foreign Appucationi*) 

Pnonty Claimed 



o 



Numoan 


1 Country) 


OayvMontn/Year Fueoi 


Yes 


No 


Numo«fi 


iCounuvt 


[DavTMontrvYear Ftieot 


Yes 


No 


Numoert 


Counifvi 


< OawMontrvYear Fneot 


Vos 


No 



-Bfeov Claim tne oenetit wamt T.tie 35. Umtea States Coae ^120 ot anv un.teo States aooiicMiorv si nsma rmiam mnn .n<«.=r 
-=t Oiscwseo .n tne onor uniHK, States aoo«ca.K)n .n ,n. manner ,>fov«,ea ov me «,f« oaraV^^T^ ;^^^SL«^o^^^ l!^""'''''^ * MWttiKK. « 

;r tnis aooiication: w^^m. «vww}i« odtjuji me tmng oate oi tne onor aootication ano tne national or PCT intemaoonai mtng oats 



IT 
O 



(Appucaiion S^nmt No > 



tFtlirtg Oatei 



tSiatus: oaiamea. oenaing. aoanaoneai 



(A p pit ca non Senai No t 



(FHing Oatei 



(Status: oaientaa. oenaing. aoanooneoi 



3£N0 CORRESPONDENCe TO. 



UACOBSON. PRICE, HOLMAN & STERN 
400 Seventh Street, N.W. 
Washington. O.a 20004 



DIRECT TELEPHONE CALLS TO: 
(p/ease use Anorrwr'a Doatm no.) (202) 638-6665 

JACOBSON. PRICE, HOLMAN & STEHN 



invemons) name must mdudm at least one unaooreviated first or mt<i<He name. 




. lurtner aeciare tnat all staiamems mm im«n o* my own -nowwe are irua and that ati statamems ma, 
n.a« wim tne .nowteoga tnat wiMui (atsa «a«««nts ana tne .k. so maoe are oumsnan* ov tine^ .m 
**..*ui raise statements may fwoarm tne vmy of the aooJica«on or any paterw issuina tner«« 



on tfttormation 

or tx»h. 



artd tietiet are oenevea to tse true: and turtner tnat tnesa statemerHs were 
urKier section 1001 of Title 18 ot the united States Coo*: ana mat sucn 




AdditKSoai inventors ara namao on ■■psfaiaiv numtMrao snsata aitacnad neraio 

JPHAS 1992 7/92 (COPYtNQ WTTWUT DELETIONS PERMnTEDl 



